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Introduction

The colleeted works of Mary Boole amount to more than fifteen
hundred pages. Among them is found a regular and passionate
insistence on the real -but widely igcored-—significance of her
hisband’s work, and a vision of mathematical education that is
powertully relevant, but sull unrealised, today.

This selection sets out to provide a briet introduction to her
writings in order to stimulate a wider awareness of her though,
The numbers in brackets at the end of cach extract are page:
number references to the collected works in the now out-of-print
1931 edition.

Mary Everest. later the wife of the mathematician George
Boole, was born in 1832, Her futher, a rector, was a friend of Babbage
and Herschel who as stndents had initated various reforms in
mathematies at Cambridge, Her mother was the stster of a classics
professor at a college in Cork, where Boole was to hold the chair of
mathematics. When Mary was five her Bither became seriowsty ill
and the family moved 1o France, so that he could be treated by
Hahnemann, the founder of homeopathic medicine, Mary grew up
bilingual. Au carly interest in mathematics was aroused by a teacher
who gave her private lessons in arithmetic; many vears later she
wrote a charnting account of this inspiration, Her father's health
improved and the family returned to England when Mary was
eleven.

Mary first et George Buole un a visit to her uncle in Cork. After
the hard struggle of the carly years, Boole was just beginning his
great work. His masterpiece, An fnvestigation of the laws of thought,
was published in 1834 and was dedicated to Mary’s uncle. Her
father died the following year, and they married soon after. [t was a
suceessful marriage; though Boole was seventeen years her senior
they were close companions, an:’ Mary was able to share her
hushand’s interests—she became a devoted disciple.

They had five daughters. The youngest was only six months old
v.hen Boole died of an attack of pneumonia in 186+, Mary was then
32 years old. .

In the following year she took a post at Queen’s College, London.
Opened in 1847, this was the first college of higher education for
women. Though unable to award degrees, it gave something more
valtable, at least to some of the pupils; one of Mary's was to write

5
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Later, 1 thought we were betng ansed not taughts Bocatier | left
1 found vou had given us a power. We can think for oursebves, and
find out what we want to know.”

After o fow years Mavy Teft the college v heeome lor a briet tne
the secretary of James Hinton, a writerorcethicsand evolution as well
as a skiltul car-surgeon, who had beeu a friend ot her father. She
was interested in the aspect of his work that most of his friends
found unimportant, namely “the art of thinking iself which he, as
well as George Boole, believed to be the true key to the physical and
nmoral regeneration of mankind’,

In the twenty vears after her husband’s death NMary Boole
supported and raised a funily and read, corresponded and disenssed
over a wide range of themes and with a large cirele of fricuds {somne
of whom are mentioned briefly in an appendix—sce p. 75). Commi-
itted to spreading her husband’s ideas about mathenatics she also
developed her own thoughts on education. She studied the works of
Thonuts Wedgwood, the son of the funous potter. and a Iriend of
Darwin. She developed the ideas of the French logician and mystie,
Gratry, and related them to those of her husband. At the sanie ume
she beciune more and more involved in spiritualisnn and theosophy
with a curious amalgam of ideas from Hebrew ritnal, Indian
mysticisin and Western science. At the age of 50 she cinbarked ona
serics of books and articles, publishing regularly up tothe time of her
death in 1916 at the age of 8+

Much of her writing has not been to twenticth century tastes
though many contemporary young people have been rediscovering
her themes. She was interested in the occult, homeopathy, veget-
arianism, anti-vivisection—and love. But the practical conunon
sense of her lesson notes, Lectures on the logic of aithmetic 1903, when
she was 7175, and the pioneering insights of The preparation of the child
for science {1904, had their impact on progressive schools in England
and the U.S.A. in the first decade of the 20th century. She invented
curve-stitching and for many years cards marked for this purpose
were known as Boole cards see p. 35:. Her first book, published in
1883 but written in the sixties, was a pioneer work on mental
hygienc. In the mathematical psycholugy of Gratry and Boole 11897) and
one of ker last books, The furging of passion into poicer 1910}, she
showed an understanding of the unconscious far ahead of her time.

Most educationists today appear to lave other things to write
about than dowsing rods and so on. Certainly other things than Jove.
Few achieve the clarity, the vision and the highly relevant insights
of Mary Boole.
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On influence

In all ordinary works onc education, we nay notice constant
disenssion abont the particular mode jooswhich influence should be
Bronght to bear, whether by individonal conunands, unvarying rnles,
hopes ol fears about consequenees, appeals o atlection, the con-
tagion of exiimple, or that more subtle form of intluenee valled by the
pious “intercessory praver,” and by moderns Seienee suggestion,”
or Ctelepathy The whole discussion usually tuens on the rival
merits of the vacious wodes of braging influence from weithout to Lear on
the pupil. 1t seems assimed that e is always legitimate o exert
intluence, T mathematies, however, the main question keptin view
50 When mayv the teacher exert inthuence ?

For mathenatical purposes, all intluence fvom withont, swhich
induces the pupils to adimit a principle as valid before his own
unbiased reason recognises its truth, come under the same con-

707

demmnation, 727

A village schoolmaster

Monsienr Déplace was asked o come for two hours a day to
trach us French and arithmetic. The only time he conld spare was
fronm sixoto cight in the morning, and those honrs he spent with us,
wintee and surmmer, g Jong as we staved ar Poissy,

Monsicur Déplace s the hero of my idsli T wish, though T know
thar the wish is vain, that T eould convey any adequate Impression
of the wie tn which he enveloped my ife with a protecting infhience
withowt the slightest interference with either my thoughts or my
feelimas, 'The influnenee was all the stronger becinse he showed 1o
desire o cain influenee: 1 was quite unconseious of it then and fior
nanyemany vears afterswards, n those davs the distinetions of rank
were more sharply detined than they are now. The village school-
rister was ot supposed 1o tike rank with gentdefolk, and though
Monsiear Deplace hinsell was o gentleman in every sense of the
word, he aceepted the social position into which he had fallen or
visen 2 in all seviowsness,

I do not remember anvihing pasing between s in the slightest
dearee resembling either a caress or an atfectionate word, The
relation between us was, I believe, entirely subonscious on my
part. then, oraguarter of a centey Later after Tleft him. 1 reiember
distinetly the dirat arithmetic Iesson he gave me at home. Mother
had been teving o teach me Iong division, It could not make me
understand. chiefly, as T now know, becanse she herself did not

9
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noder-tands The ditficaley waes referred o Monsiowr Déplaee; then
icdeappeared as it by e and e was the Jase ditiiculey thiat
was ener i ey Hite able o see i connection with artbonetic,

The next thinecthat Tremember s asumin compannd propordon,
or what used 1o be callod “donble vale ot dheee T e e ter old e
nothiner, he asked e asaeeeston ot guestions and nacde me write
down cach answer as 1 ooave i and then let me peeecive that the
answer to the complicared question on which we had stavted came
ont of its own aceord nomy own handwriting, (151

A university professor

She seemed so unlike the sudl of which mathematicians are
made, that T one diy said to her, 1 cannot think mathematics is
vour true function.”

“Oh. no!l” she replied, “my fwstion 5t noderstand whaterer
Professor CUtfad wwants to get understood.” O conrse every oceultist
will know what tatal magnetic interlockine rionst have been going
ou before such a thine could be said, o non-oceultias 1 onust
explain that it wias not av all the utteranee ad senti aental goshis the
girl was, in the most soraightforward manner, caoecsing hev honesty
thourh oo Jinited, knowledee ol the nateee ol her owne miental
activities,  Professor Clifford, however, attributed the wonderful
work done by his pupil toa personal vocation of her own for mathe-
matics, The result was that her health bhroke down: then <he took a
fit of Evangelical piety - dies found out ton late that her function
in life was to nnderstand  things which Professor Chifford did ant
particularly care 1o have understond - and died in the odour of
sanctity=—one of the conntless victims ot the cruel delusion of
teachers who mistake the reflection of their own mental procresses
on the brain of an inttitional pupil for personal miental action in
the pupile T this case. as inmany otherss Nauere seems 10 have
avenged the wrong, From my own observetion of Professor Clitlord
at classes of bis which T attended. [ venrure to think that his rrem-
ature decay, as well as much of his over-brilliant snccess, was due
1o a habit of recklessly over-magnetizing his pupils.

The Prophets of Palestine may not have known everything, but
some of them did know that it s inadvisable to undermine one’s
own health and other people’s for the sake of spreading one’s
special views and increasing one’s influence, by random indulgence
in the wonderful and awful delight of contact between intellect and
intuition. (396)

10
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Teacher lusts

The teacher whether sehool-teacher, minister o veligion, politicald
leader, v head of o family . has acdesiee to make those under him
couform thenselves o his ddeals, Nations conld not e huilt up,
nov children presesved from ruing it some such desire did not exist
and exert isell in somue degree, But it has its gamut of lusts, very
simtlar to those run down by the other faculties. Fiest, the teacher
wants to reculate the actions, conduct, and thoughts of oter prople
i acway that does no obvious hacme but is quite inceseess both ot
normal rights and of practical necessity, Next, e wiants o prose-
Iytise, convinee, control, to arrest the spoutaneous action of other
minds, o an extent which ultimately defeats its own ends by muaking
the pupils ton feeble and auntomatic o carry on is teaching into the
future with any vigour. Lastly, he acquires a sheer antomatic lust
for telling other people “to don™t" for arresting spontaneons action
inothers ina way that destrovs their power even o learn at the
time what he Is trying to teach them. What s wanted is that we
shanded pull these three series tight so as to see their parallelisim, and
1t o on fogging oneselves with any such foolish notion as that
sex=passion is ahist of the Heshoand teacher-lust a thing i iself
pure and good, which may legitimately be indnlged in to the nirer-
nmaost,

Few teachers now are so conceited as unt 1o know that they
have a grear deal o Tearn, and that theie methods need revising
and improving, but the majority are seeking for naproved methods
of doing more of what they e already doing a grear deal 1oo moeh
of. The improvement which they most ueed is to be brought under
conviction, ta be made see their conduct, their aims, their whole
attitude towards treir pupils and their work, iu the tight reflected
on them from those of the drunkard and the debauchee, (1412)

Qualities of a teacher

Constant recognition that man is as lable to error while his
transeendental faculites are active as at any other time: and, more-
over, that errors which otherwise would have been inunediately
detected and corrected. tend, i made at that time. 10 becone
fixed and to appear like solid truths, unless carefully checked by
some well-selected made of correction ez, the “proving of a s ;.

Great reserve on the part of the teacher ineven stating 1o pupils
the special conclusions to which he has been led. lest he should
arrest the normal exercise of their investigating faculties.

Specially stern self-control in the use ol personal influence to

11
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convines or o persuade.

NModdest reticenee in the matter of courting apphose by proclaime-
ine any partial resule before one has brought back inta conscionsness
all tose elements of a0 guestion which ene had disearded trom
attention. i order to ix it tor a time solely onsome selected elements
ol the question,

Constantly aceepring apparent disturhanees ol harmony and
ordev as proots thae the e faw of dhe case Belong. toa hicher
order thate that i which the investigator i at the tne working,

ey,

Authority

Three imin svinhols of anthority lave shared between then the
attention of the world: the slave-driver's whip, the shepherd's
crook, and the condietor’s baton, N reasoneble man should make
up his mind which of the thiree e prefers: whiclt he will submit to
wlen 10 s tuen o ~subret and wicld swhen the thine cones for him
to rule.

The siave-driver™ whin hiae various modifications, convention-
alised diseuaises: the seeptres the maee, the trunchieon, the cane,
The appeal of tens all alihe i o tnmediate impressions on the
wenses, Ther mesaee s bratal bhut honest: W vouw will obey iy
will your sensations Sl b nore acrreeable dhaa they will bhe it vou
thware my will”

Lhe skopherd'™s ook is modified o a bishop™ crozier. The
functions of the tao ae siorilar: 1o keep the sheep teome strenous
exercise in hich altitudes, where their limbs graw tleet and their
tisstes toweshs to keep off wolves wha might dispure pessessiot off
any porton of the tlock with the an who considers himselt s
ricltid owner: oo lead thein into plentiful pasture, so as to niake
ther fat aned e flesh tenders and anide them enoningly at fas
into 1the vard coothe slangluer-lionse, The whaele e is simiply
one lone decepti e often of sentimental <cl=deceprion,

The coudneta’s baton exerts no control exeept durins? certain
homrs of pseticn andd of perforinanee, Once the appointed tivire lias
expired, every num s fres o goowhere e Jikes aned dovas he chooses,
He is freer hecanse more able than he wonld have heen withont
hie occadonad cpisodes of  ervitude, o plae by hisnsell whatever
tune hie clioses, ar to enter nto effective combinatons with
mnsici tes ot knosen o that condnetor™s orchestra,

Fricods, under whi b svinbob will von serve? And by which will
vou prefer torale 2 THS

13
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Haste is unchaste
Two methods of acquiring vrath are posible o man and these
are, Dahink tithy typiticd as the iestinet of poees inadl ages has ed
then to wepityv: by the two wavs dn wiiiel oo can expend his
phyvsical force, One sort of kpowledee 1 echnieal, and can he
.l!'(lllil'('(l o /.lm']/ froan the outside. l).\' delilerate ~lll(l}‘i the other is
mmitional or actinal, and should De ganed only under cerain
eonditions of pleasurable exciterent. The former nay salely be
acquired ac any conve S thmes moany qrantiny, and inoany
accestble way, nnless “ A circwmstianees secm to point to the
coptrary  ~hore of sueh over-absorption os feavis insublicient e
for pest and exercise | The Liter kind o kpowledee s i iselt and
alwavs, evil and implll'('. eXCept At tities sehen it s exceptonally
vight and sacred such times Leing marked by the coincidence off
Cpreparedness

three tacrors: satarity of the individoal s oo e
a5 o deeling s and suitability of cirennstanees,
Leosevns indeed, that purine s o one sense the cquivalent off
patience; res oo willingness neither to precipitate nact, nor (o
stggest i wordse nor 1o anticipate in thengoba, tat o which the
full tine s not cowes A haste iy esengie e anchastes We need
to make parens and teachers pure. betore we v e childven so.
We must introdnee jnto the popielae tind the wdea of chaaine i
cducation, in knowledge, in friendships in Levosworship, in fanily
ties, especially i religion. Nany of the clenents of our seloal and
hone lie wend o deseroy puriny: the metinds of teaching rendered
neeessary by the prevadent system of cotperiton: the ambition of
parents: odours, lights, wine, soctetys cotlee, rivaley.” Many things
terd to teach childpen that love and knowledee T do nat here
thean the technical knowledee, bt that which T o called the
Actoal or Intaitonal e things to be treedily sought rather than
carped by patient saiting and dong labopr, The wite goes into
hysterios it her hisband s not i the Tonnone wo attend o Ler: the
parenis ave tevrieved 3 the child s not Tond” of thens cach relative
s offended Hhe or e ds ot a Gavenrties Troe know dedae s spailed
for the child by prenmore verbal staiements o things which
shonld daver anchis sonl Tike aoveveladon: v en the mighty mystery
o contaer with the Usiseen s defloswered By whae i cadled veligions
teaching, Surely all this wends o make the veryidea o checking
Premative curiosiey and vreed abont dhat wihicl is to o make Children

1y

parents in their tary, an dlogical one, 557

13
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Waiting

Orienal life differs from ours by being steeped in a curious
patient eartingness, which tends towards fualism and indoelence.
Butwhen the Eastern patience is sharpened by contact with Western
bustle, it translates isell into an exquisite chasteness. compared 10
whiciht our methods seem coarse and, one might almost say, brutal.
The Oriental teacher keeps his theories, his system, his elassification,
his knowledge, in the background, till the normal development of
the pupil’s mind requires that they should be brought into use. For
instance, an English pupil learning a language from a moonshie in
India is made to read an easy bhook; and to learn the declensions,
conjugations, and irregularities only as fast as they occur inreading,.
A method, apparently the same as this, is adopted by many European
teachers, and has been made the basis of certain systems, especially
the so-called “Mastery” system. But in these systems, the system-
atiser, or teacher, decided beforehand at what point the pupil shall
be told of an inflection; whereas the very essence of the Oriental
method s, that the teacher waits until the pupil’s atteation is
attracted <o the inflection by a difference in the look or sound of the
word fron its look or sound in a previous sentence. 360,

Withdrawal

The cultivation of the mathematical imagination depends chiefly
on the child being put into the right attitude towards mathematical
concepiions in his carliest years; and. after that, on the right use
being made of certain nodes or eritical points which occur here and
there in cach branch of mathematics. and which should be dealt with
in a quite diftferent manner from the rest of the conrse. These form
the revelation crises of the pupil’'s mathematical history; when he
draws near one of these the human teacher should carefully withdraw his
influence, and simply watch to see that no seriously fulse impression
is being formed. His object shonld be to efface himself. his books, and his
srstems ;w0 draw aside a curtain from between the child and the
process of discovery, and to lcave the young soul alone with pure
Fruth. (919)

14
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Training and teaching

The chicl reason why courtesy, reverence, and a certain hind of
docility are needful tor those who would learn, is this: T'ruth is
never received into the human mind without an admixture of
conventions, of what mav be called fictions. These fictions have
to be inroduced, wred. and then withdrawn, Towould be impossible
o teach even so straightforward a subject as mathematics without
the temporary nse of statements which are not true to the natitre of
things, The history of a child who is learning mathematics, like that
of human thonght, is very much a record of aliernate introduction
ol convenient fictions and subsequent anadyvsis of their true rature,
A class, like a public, tends at times to become groovy and mech-
anical: to mistuke the accidental for the essential s to treat necessary
alds 1o Tearning as it they were actual truths: to lose sight of the
relative huportance of varions kinds of information, A class in
Botany tends o forget that classification and terminology are not
s mnch part ol the life of plants as eirculation and ferdiization; a
a class in Analdytical Geometry forgets that the co-ordinates are no
purt of a enrve. Just so. the reading public forgot. Gl Charles
Diarwin woke it up. that intermittence 15 no necessary part of
Creative Acuon- although it is convenient foe man, for purposes of
classificavtion, o fmagine a0 serics of intermittent acts, .\ student

tends to such forgetfulness in proportion as he becomes mechanical
in his work: the genins of @ teacher is very much shown by the
manier in which he contrives to arouse the interest and correct the
errors of a class which is beconung teo mechanical.

Theorists in education sonetimes imagine that a good teacher
shiould not allow the work of his class t¢ become mechanical at all.
A veur ar two of practical work in a school -especially with Exani-
tnztions iwoming abead) cures one «of all such delhwsions, Education

iin 7 oaar only teaching, but also training. Training tmplies that
CTI « become mechanical: deaching involves preventing mech-
anti. s drom reaching a degree fatal o progress. We must there-

fore allow much of the actual work 10 be done in a mechuanical
mwaneer, without direct cousciousness of Iis meaning; an intelligent
teacker will occasionally rouse his pupils to full consciousness of
what they are doing: and i he can do so without producing con-
fasion, he may be cotnplimented aud his class congratulated. (-168)

Education means vhe cducing of faculty. Children need many
things besiees education: many things which can best he given—
some of them can only he given-—-under a regime of orderly routine.

—
I
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Among these good things are discipline and training. But it would
be well to remember that, during the time that these other good
things are going on, education itself is uot going on. Fducation proper
s wiven by rave and episodical occurrences, which give to these
dormant faenlties which disciplinary routine ts hotding duien and keeping
guiet opportunity aud stitnulus to start into active lite. - 1266)

Learning

In classical learning it is cminentdy desirable to secure that the
right impression shaldl be roade from the tivst: that wrong impression
shall have as little time as possible to deepen themselves, We wish
the child's eve and car o bhecome acenstoned from the first w
welcome the right and reject the wrong: we do not wish him to
wain any habit ot olerating wrong hnpressions, I the child nses the
nomimative where he shonld wse the aceusative. and is not at once
corrected. that is so much o the bad for his future progress; it he
can be got not o remember atime when he used the word wrongly,
that is much ¢ the good. But in science there are, there can be, no
absolutely right impressions: our miuds are not big enough to grasp
any natural as o whole: evervthing depends upon drawing right
conclusions trom combinations of impressions, cach of which is in
isell inadequate and partally misleading: and it the pupil is 1o be
got into scientitic miethods, that is what he must be rained to do.
And in order that he may learn o do it v is sometimes necessary
that cach of i suecession of “wrong™ impressions should have time to
register iiselt on the brain and become part of its available stock.
Such a statememt may maurally convey o the scholastic mind
trained in classical vaditions an tmpression of” disorderliness. but
it does not imply disorder. Up-to-dateness is the cause of disorder:
the haste, the greed to efface tapidly cach partial impression. when
we have nothing to sebstitute for 1 but some other impression
cqually pardal. iv not only mnscientifie but cmninently disorderly.

"y

Ly
[ R

..... The booliness of the method depends essentially on my not
making any statement as to the nature of the connection hetween
two groups of facts. The method is 1o set brains vibrating with the
simultaneous conscionsness of twa groups of facts, free from any
hamper. from any opinions as to the nature of the connection beticeen the twwo
groups. and start thewn investiganting the natre of the connection,
1195

16
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The centre of gravity

For the first twelve years or so of a child’s life it is fmpossible to
guess what class of emotions or ideas will appeal most strongly to
him later on. Therefore it is wiser to try to link the good habits
which are being formed with any motive which seems to sway him
speciaily; but rather to appeal to quite general ones: all the persons
about him, especially those with whom he lives, wish him to be
clean, punctual, polite, etc., and things will be made pleasant to
himself it he does as they wish. This vague combination of altruisin
and egoism is a sufficient basis for the formation of character in
childhood. During the period of adolescence the motives which will
ultimately dominate begin to stir in the consciousness. Parents and
teachers too often make the mistake of imagining that it comes
within their function to determine by what motives a pupil shall be
swayed. That question does not depend on any decision of theirs.
As well might a hatching hen decide that the eggs on which she is
sitting shall develop into partridges and not into ducks! What docs
depend, to some extent. on the lien’s action, is, whether the develop-
ment which is going on shall be full and harmonious or arrested and
munpotent: whether the ducks or partridges Zus the case may be)
shall have therr limbs in good working order, or shall be lop-sided
and helpless to carry out their own purposes. “1f vou train up a
child in the way ke should go.,” said an eminent psychologist of the
last generation, “when he is old he will not depart from it If he
departs from the way in which you have tried to train hin, it is
because you have tried to train Lim in a way which ke should not
have gone, one in which Nature never intended him to go.”

This is now perfectly acknowledged by all psychologists worth
mentioning. They know quite well that the business of the teacher
15 to found, on a basis of motives which exist. habits which will be
useful. The only correction of this formula which the present writer
would venture to suggest is an addition. Found habits which will be
uscful on a basis of such among existing motives as are likely to prove
permanent; or, in other words: Build up good habits on a basis
within which falls the centre of gravity of the individual with whom
von are dealing.

Now what do we mean by the centre of gravity of a character?

In any given individual, it will be found that some motives
potent in phase A lose their hold in B; and some which are potent
m B lose hold in A. Some desires and ambitions, which appcal
strongly to him in A, scem to him in B unworthy and trivial; and
sonie aspir:-ions which stir profound emotion in B are judged by the

17

14



O

ERIC

Aruitoxt provided by Eic:

waking discrimination of A to be tao refined, too subtle, o aliru-
istic, for the present stage of existence. But there is probably always
a range of motives which appeal to the heart of the individual in
both phases. Let us picture the whole range of motives which
influence him in the A phase as represented by the left-hand eircle
in the diagram, and the whole range which inHuenee him in the B
phase as represented by the right-hand oue; we shall think of
motives operative only in A as Y-motives. those operative only in 8
as Z-motives, while N, the quesitum, will stand for the fusually small)
range of motives which stir his deeper emotions during his dreams-
moods, and yet are judged by his waking discrimination to be
practical; and which are therefore able to stimulate him both to
strennous cffort and to steady self-restraint. Within X lics the true
centre of gravity of the individual’s heart and conscience: *‘the
soul that makes hini one from first to last.”

Habits formed while motives X are present to the mind are
unlikely to collapse under any stress and strain of life, or even in the
conditions respectively known as ‘absence of mind’ and as ‘temp-
orary insanity.’

It must be observed that the permanent motive is not always
one predominanty present to con¢ciousness, It is revealed rather
by the quality of the individnal's interest in other things than by his
conscious interest in that thing. A girl may scem at one time devoted
to music or somce art, at another 1o philosophy or literature; but
always under the dominant influence of some teacher, and stimu-
“ated by his approval. The desire for inuan approval is in this case
likely to be a more permanent motive than cither art or philosophy.
Or a girl may be absorbed at one time in the study of music; at
another time of history or literatre; and what her soul is sccking
through its various phases may be the Law of vhythmic beats of the
Unseen. In such a case. the motive which may be relied on as a
basis for cthical habit is the belief in the retaliations brought about
by the veeoil-power of desting. A yvoung person may seem at one
time iutensely pious, at another painfully worldly; the motive all
through may be an artistic sentiment, which causes the imagination
to be fascinated, at one time by the "beauty of holiness,” at another
by some artistic quality perceived in social life; the power to trnst to,
i such a case, is neither the influence of the Church nor that of the
world, but the desire for the outward expression of harmonious Law.

It must be remembered that we are treating here of the choice,
not of a professional carcer for the future man or woman, but of
a basis for the formation of habits. The bread-winning profession
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of an individual should be of such a kind that he can he interested
in it, but can also cseape catively from the thought of ir when ofl-
duty. The basis of ethical habit. on the contrary, should be some
sentiment from which the individual never escapes; which is about
his path and about his bed; something for the sake of which he is
willing 10 work and the thought of which makes it casy to rest;
which gives to life a meaning, and robs death of its sting.

In no cases, perhaps, can the subject of educational disappoint-
ment be studied more casily or with more profit than in those of
little girls who show an carly taste for what are called domestic
pursuits: needlework, dusting, and the arrangement of the table of
the room. Such precocious little housewives often become, in later
life, the most hopelessly and helplessly undomesticated wornen.
‘The reason of the failure would seemn to be this: The mother
assumnes that her intelligent tiole helper has ‘domesticated tastes’;
whereas thie child’s orderly activity is probably duc to its being, at a
very early age, the only ontlet for some nascent passion, cither the
love of approval. or the general instinct of kindness, or the desive to
help whoever is greater and cleverer than herself. A linde girl may
be phenomenally clever at darning father’s socks as long as father
is the dominant influence of her life, and darmng socks the only
thing she can do for him. I she finds out 100 early that she can help
hitn, or some indulgent unele, by copying MSS.. it is much to be
fearcd that the needle will arove to be not hier rue vocation afier
all, unless special pains are taken to caltivate the taste for some
vears. As soon as the child goes to school, domestic work finds
itsell” perhaps in violent conflict with the ruling passion; and the
taste for it crumbles like a snapped “Ruperts drop,” never to be
restored. Domesticated tastes, in a2 woman, are the normal result of
houschold work having been an outlet for the expression of X-motive
hetween the ages of twelve and cighteen.

The question nawrally occurs: how can parents and teachers
find the centre of gravity of a young iife, how discover the ulti-
matcly dominant motive? Very often they cannot do so: perhaps
it is not best to probe in the matter 0o curionsly. The important
thing is that they should realise that there is a centre of gravity to
cach young life; and that it Jies in the region where apparently
conflicting passions mntually overlap. They will then try to link the
habits most important to form, not with the passion which scems
strongest at any given time, but with the greatest possible variety of
motives, in the hope that the good habit will link itself with the
quality of feeling. whatever that may be, which underlics all the
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various apparent motives.

In this matter, as in many others, the fact whichi it is most import-
ant for us to know is that of our own ignorance. We cannot know
what is the centre of gravity of a young nauwe: let us then not act
as if we knew. We know only that it Hies at the meeting point of the
character’s extremes.

The power in which we st put our trust is not our own strength,
but the Force which is given ofl where conflicting clements meet.
Qur Deliverer is not any cidolon which we have fashioned with the
hands of our imagination. but the Unity who reveals Himseltin the
union of apparent opposites, (1390,

Hindrances to reform

Professor Perry has been raising a storm round the fact that
students of enginecriug and electricity cannot use their mathematical
knowledge to facilitate their study of real forces to anyvthing like the
extent which they wonld do if their knowiedge of so much arith-
metic or other mathematies as they have learned were real and
vital., 'This has caused a revival of interest in a question which has
beewn almost entirely ignored i England for a generation or two,
though sixty years ago it received the carnest attention of some of
our most learned seientific men: vize, (Vhat are the conditions which

Javvur a vital Froceledge of mathematios? Tt may surprise some readers

to he told that those conditions are almost entirely moral and

spiritnal, rather than intellectual: but such has always heen the

verdict of the deepest students. Quite lately a teacher called on e

to compare notes with me on the subject. T knew nothing of his

views. . We found onrselves inentire agreement on three capital
pomts:

1. The great hindrance to the vitalizadon of arithmetic teaching
in past ages was the desire of the clergy to prevent any develop-
ment of logical facnlty which might lead the masses 1o doubt
the evidence brought forward by thenr in favour of religious
doginas.

2. One great hindrance now is the desire of the classes in possession
of the country’s wealth to give themselves the emotional Tuxury
of imagining themsclves Christians. while retaining their hold
on physical luxury in a world where the poor are starving.

3. Only dead mathematics can be taught where the attitude of
compretition prevails: lieing mathematics must always be a comm-
unal possession. (1009)
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On competition

Children have a right also to a share in that still higher and
purer delight, self-effacing comnumal Rescarch. The opportunity
for it should be provided in school. For if taken, under judicious
supervision, by a group approximately cqual in age and attain-
ments, it is harmnless and invigorating in itself, and the rhythinic
beat Letween Altruism and Competition can be properly set up.
Whereas, it the work of School and College is too prusaically and
continnously competitive, the more promising pupils are often
terpted 1o throw theniselves cagerly into some gronp of adult
thinkers, who overstrain and overstimulate in them the desire for
communal self-cffacement. Then comes the necessity for taking up
the life of bread-winning: the desire for worldly-success reasserts
itself. The consequences of this violent retnrn 1o the worldly life,
alter too long a spell of Port-Royal-like Altruisin. are not unfre-
quently disastrous to both moral stamina and intellectual power.
It will be found a good rule to make all work which is properly
intellectual, all which involves serions thought, either individual or
communal; and to reverse competition for those portions of time
which are devoted 1o the acquiring of skill. acenracy, and speed, by
practice in what the pupils already nnderstand perfectly. The
stimulis of competition, when applied at an early age 1o real
thought-processes, is injurious both to nerve-power and 1o scientifie
insight. (84N

Group work

The method is essentially commmmnal not competitive. Hardly
ever are there two children working on quite the same problem;
theretore there can be no competition as to who answered best or
quickest. At the end of the lesson, the whole class are in possession
of some information which no member of it possessed before. It is
not something told them by the teacher: itis often quite new to the
teacher herselll The skill of the teacher is shown, not by the know-
ledge which she imiparts, but by the manner in which she utilises the
thiuking power of the children for the purpose of finding out what
she does not yet know. (1196)

The idea of testing woman's fitness for a true womanly life by
competitive examination is not quite a modern vne. King Lear
tried it. (267)
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Two elements in teaching

Suppose 1 am teaching, say, the process of multiplication, There
are two things which the pupils can get out of my instruction: (A)
skill in performing the operation of muldplicadon iself; and (B)
a hiule of the power 1o find vut for themselves how to do other
arithmetical eperations. Every process that I teach ought to be so
taught as 1o add something to the pupil’s chance of some day
making out « rule for himwself without the aid of a teacher.

If we add together all the A’s of a child’s arithmetical career,
they constitute what I called, in a former article, the body of his
arithmetical knowledge; if we sum up the B's, they constitute what
is called its lfe. The sum of the combined A elements constitutes the
ability to reckon the bulk or munber of dead material and to keep
accounts according to any systern chosen by an employer. The
sum of the B elements gives the exura power of bringing one’s
knowledge 1o bear in torming a sod judgment on problemns
connected with living torces—ce.g.. on the probable behaviour of a
charge of clectricity under certain conditions, or the probable
honesty and stability of a certain commercial enterprise.

Now the A clement in any mathematical lesson can be imparted
while the claw is alert and cager; the B element cannot be imparted
except under the peculiar condition calied by some mystie writers
“Silence i the soul” awaiting turther Light,

The two states, the alert and the passive, alternate in any good
edhicational regime; the alert phases being very much the longest,
the passively recipient ones short but ¢quite undisturbed.

But upder stress of competition the passive mystic phases of suidy
are being crowded out, The reason is that England is so saturated
with the spirit of advertsement that. in any given conuniuee. the
majority are almost sure to be against the teaching of anyvthing lor
which there is nothing o show at the next forthcoming examination.
(1012)

On wholeness

But no mtellectiral enlure is possible without some monistic
action of the mind: weachers therefore interrupt A action every now
and then o insist that pupils shall set up wregular short seraps of 3
action in the middle of A action. *“Think. children. think. what
docs this remind vou of 27 Don't vou see that .. .27 They expect
to receive minediate answers 1 questons sprung on the class in
the middle of work: questions of a kind which should have been
asked only at the end of the class, and left 1w be thought out at

22

[N
()



O

ERIC

Aruitoxt provided by Eic:

teisure and answered on some future dav. This of course tends (o
weaken and disorganise the faculties of comparison and the grasp
of general principles in the majority of pupils. But there are always
a few ‘naturally protected’ mmists in cach generation whom
teachers may 1o some extent harden and make methcient, but
cannot turn aside from their truce function. Some of these become
what are called philosophers: men who spend their lives in writing
pondcrous books to prove simple truths which ought to ocecur
naturally toeverybody. These men present tothe outer consciousness
of their readers and hearers ideas which should never come into
consciousness except as the latter is informed by the unconscious or
iner mind. The path of such a teacher is often marked by a broad
track of nervous and moral wreckage : a phenomenon which seems
to astonish many persons, but which appears 1o me as litde 0 be
wondered at as the digestion wreckage which would follow in the
wake of a physician who should insist on teeding his patients with
ready-made chyle, Few things are more important © mental health
than that cach individual shonld be able 1o generate within himself
as much monistic philosophy as he is ready for. and should have the
instinet to avoid absorbing any more than he is fit for. 1002,

The majority of teachers try. as 1 have said. to keep their pupils
out of normal monistic phases, to an extent not sanctioned by any
great psychologist. All sorts of exenses are made for this: the need to
use up tme in learning o know the outside world : the examinations
looming ahead: pressure of competition, ete.. cte. These excuses
seem genuine, until one notices that the mwanner in vhich the
practice of average educational practitioners differs from that of
great cducational authorities is reflected in other regions where no
such motives can possibly have any sway. For instance, in a large
lunatic asylum where I have stayed on visits, the doctors and nurses
seemed to me as kind and conscientious a set of people as I ever saw;
but, thinking of their conduct in the light of certain admitted
principles of medical psychology, I often found myself wondering
whether they or the patients were the more insane. (roor)

X and not-¥

It seemns to me that most discussions about Education are vitiated
by one great flaw; Educationalists seldom recognise the proper
inter-play of the two actions. They know that a child must be
taught to see clearly the diflerence between some things; and they
know that he must be taught to see the Unity between some other
things; but they do not, in fact they dare not, realise that the process
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ol sound thinking consists, cinphateally, in secing Unity where one
has already perceived contrast. Te is simply a farce—now that we
know the Law of man’s reasoning organ —o dignify anything with
the name of Education whicl does not provide constant opporwun-
ities for the hwman reason 10 say o phis not-y torm a Unity™: and
that about some » which the mere human pereeption has seen
sharply contrasted with the not-x.

There is not the least practical difliculty in doing this. There is nn
reason why any intelligent man or woman should not learn, in a
week, cnough to make the test-cquation of the thinking organ the
norm of his or her business: as a teacher. or as a sick-nurse in cases
where the nerves are disturbed: or for the judging of the precise
amount and kind of delusion a paticut may be suffering from. The
only difficulty now in the way ol its quite general use, consists in the
fact that it leads to consequences startling to good people who
claim that right to form judgments about things they haven't
studied and don’t understand. Many a teacher has begun 1o get a
glimpse of what the Law really is: and shrunk back not daring to
look any longer. knowing that, if he does. he must soon find himselt’
doing things that will put him in conflict. not only with the Exam-
iner, but, what is much worse. with that rampanc Philistinism
which goes about chuching to its breast a bundle of mutually
contradictory opinions, which it persists in considering as sacred
axioms, apparently under the impression that cut-and-dricd false-
honds become a living moral sense. if one only hugs them close
enough o one’s heart. The Examiner is made the excuse for much
dishonesty in teachers, for which he is in no way responsible. (568)

On circular 711

It mayv be right in regard to merely political matters ta let the
various parties do their worst. and quictly to mind one’s own
business: but it cannat be the duty of any mother, with a child at
school, to be content with going through her domestic avocations,
and to leave her child exposed. without special help, to a method
of teaching which may. and in many cases will, leave the child
capable of thinking any foolishness right, and with no power of
correcting and controlling the natural flow of ideas which is the
normal birthright of the voung. After this specific warning, our
readers who are fathers and mothers of children at school must
blame only themselves if in ten years from now they find these same
children growing into manhood and womanhood with their minds
incapable of understanding the cternal verides. (1461)
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Pre-mathematics

Of arithmetic and algebra I shall say hittle here, as they are
treated in another chapter. Only one point I will lay stress on. Many
a life of intellectual muddle and intellectual dishonesty hegins at
the point where some teacher explains the rule for Greatest Comnion
Measure 1o a child who has not had the przper basis of sub-con-
scious knowledge laid in actual experiences. Therefore, if you value
your child’s future clearness in science, trust no teacher to tell him
anything about G.C.M. or L.C.MM. till you have ascertained that
he is able to find, casily and accurately, by means of compasses, the
longest length that will repeat exactly into each of two unequal
given lengths, and the shortest length into which each of two given
uncqual Iengths will fit,

We now comie to the subject of geometry, the condition of which
affords, it scems to me. a sianding warning against directing
educational care too exclusively to the conscious mind, and neg-
lecting to provide food for unconscious mental action.

There scems 1o be evidence that in ancient times all people in
good socicty were expected 1o know simple truths about geometric
forms in the same way as we all know simiple facts in natural history,
The clementary properties of the triangle. parallelogran, cirele,
ellipse, and spiral seem to have been familiar to ordinary people.
They were not exp~cted to know much about geometry, but they
were expected 1o bave and o use ordinary faculties of observation
on facts within every one’s reach. Euclid, was in his day. a sort of
Darwin of geomc:ry. He wrote not a geometry for beginuers, but a
book about the logical concatenation of geometric facts for men
already geometers; just as our Darwin wrote a book about the
concatenation of biologic forms for people already biologists, to the
extent at least of knowing that horses prance and dogs bark and
wag tails; that worms creep and birds fly; that some flowers have
scent; that some fruits are sweet and others are sour.

Euclid’s book was a type and model of all that a good book on
logical concatenation should be. The use which was made of it 1ill
lately is the type and model of how such a ook should not be used.
Teachers assumed that the exeellence of the book gave them the
right to use it in defiance of all the laws of psychology. The result
of such misuse is aiways the samne: loss of natural instinet. 1'extbooks
arc written expressly on purpose o inforin the conscionsness. A good
textbook should explain everything step by step, and should assame
nothing which it does not actually state. Buclid does this in per-
fection. He wrote, as T have said, for men for whom the words
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triangle, circle, parallelogram were already charged with assoei-
ations; and he gave detimtions intended for the purpose. not of
telling something fresh, but of clearing up and settling conceprions
which were hazy from ong famiharity,

Now when it became customary to give to bhovs of ten or twelve
what Luchid wrote for grown men. that was not farwrong; bovs now
can quite well assimibue what was grown-up food two thousand
vears ago. But if children of twelve are to leinrn what Euclid wrote
for advanced men. children of three should be acquiring the suh-
conscious physical experiences which Jads in Greece picked up in
the conrse of nature and by the accidental help of architecture and
statuary. This precawtion onr grandfathers entirely omited. The
effect was somewhat similar to that which wounld be produced if it
cver became the fashion to make children learn theoretic natural
history from books illustrated by flat diagrams, before allowing
them to sce any real animal or plant. Euwope has lost geometric insicct
and the habit of geometric vhsercation. All of us at this time are in a
condition of artificially paralysed geometrie faculty: and now the
aim and study of all true mathematcians is © restore the vitality
of gromersic instinet.

Lastly —and this is prebably the most important preparation for
future living comprehension of mathematical ideas—there is the
cultivation of the geometric imagination. At the same age at which
the child hegins to realize that a tadpole grows o a frog, a boy
mto a man, a scedling into a flowering plant, ler hin, have the
opportunity of watching also how one geometricaz! rpeionn grows
out of, or flows into. another. A vornmon night-light placed in the
bottom of a deep round jar in a d .k room throws on a sheet of
cardboard held over it patterns of conic-sections. which pass<.inte
cach other as yon change the position of the cardboara. Children
very early learn to love watching figures thrown in light; and there
is no age at which this amusement can hurt them. provided that the
motion is slow, and that no one excites them by trying o explain
things. A varicty of other methads for trainmng the geometric
imagination at a later stage will be dealt with in a future chapter.
1004)
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Lesson on equivalence

12 buttons are a dozen. 12 pence are a shilling

Are those statements true?

Are they both true?

Are they always trme?

Are they true in the sanme sense ?

Let us see.

Suppose you go into a shop and say: *I want a dozen of those
buttons, please,” and a fricnd savs: “And I will take twelve of the
same huttons, please.” do vour two purchases look alike ? Would the
two lots weigh the same? Would the owner of one of the lots be any
the worse or the beiter ofFif the parcels were changed by accident ?
[t the twelve buttons were sewn to your coat. would any one know
that they were not the dozen? If we wanted to play a game with
twelve counters and had no proper counters. we might use the
twelve buttons for counters; would the dozen do instead ? Yes. just
as well. The dozen is twelve, and twelve is a dozen: and for every
purpose for which one could be used. the other would do just as well.

You say twelve pence are a shilling. Do they look like a shilling ?
Are they the same colour. size. welght? 1f [ wanted things o use
instead of counters, I might use twelve pennies: would a shilling do
instead ? No. Sometimes in cooking. iff we have not small weights,
we use a coin as a weight: we might be wold in a cookery book to
take the weight of a sixpence or shilling of carbonate of soda or of
some spice. How would it he if we used twelve pence instead ?

Thwelve pence are not a shilling. not in any way like a shilling.
Why do you say they are a shilling? They are of the same value.
Value of what? Not for counters. nor for weighing things.

Twelve penee are of the same value as a shilling when we want 1o
buy things. Yes, now we have it right: twelve pence are not a
shilling. and cannot be used instead of a shilling for any real use of
the things theniselves. But the chiel purpose of coins is to exchange
for other things: and, for that purpose twelve pence are of the same
value as a shilling . .. {827)
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Lesson on numeration

Whatis this 1 ? And this, 22 And this, 3? (and so on), and this, 9?

Now I want to write ten: how shall I do it?

Put [ and 0.

But what has ten done to be different from the rest?

Why should it have two signs instead of one like its neighbonrs?
and why does it ke signs belonging to its neighbours, instead of
having onc of its own?

Did ten ask to have two signs? Did it wish to have two? Nao;
then why do we give it two?

I once asked a young friend of mine why he did something in his
sumy and he answered: My reason is that T was told to do i at
school; but I know [ ought 1o have another reason. and T know |
haven’t.” [ thought that was a seusible answer. 1t applied to most
things in arithmetic . . . (818)

Lesson on zero

Shut eves, ete. Make a mind-picture:- Me lifting the chalk to the
black-board. I make one stroke and then put my hand down. I do
this action three times; how many strokes will be on the board?
If, instead of making one siroke on the board. I made two and put
my hand down; how many strokes wonld be on the board when |
had done the action once? Fwice? Three dmes? Four times? Before
I had done it at all?

Open eves, sit up. Shut eyves, ete. Make a mind picture:- A clean
black-board. me holding the chalk and then putting it down,
without tonching the board; swhat wonld be on the board ? Nothing.
Now make another picture:- Me making a stroke. Now [ rub the
stroke out. What is on the board that you new see in your mind ?
Nothing. So if I do nothing. orif I make a stroke and rub it out, the
result is the same as far as the board is concerned. Were the two
wayvs of getting it the same? No,

That was a mind-picture black-board. Now open eves and look
at the real one, Here is a quite clean board: T make a stroke: I rub
it out. Is it really quite as clean as when it has been cleaned on
purpose tor class? No. What do you see on it? A sinndge.

Suppose 1 lifted the chalk to the board, and made a dot and ne
stroke at all: how many strokes would be on the board when 1
had done the action three times? Four times? Six times? Nine
tinies 2 Onee? Before it had done it? ... '849)
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Lesson on triangles

At Prop. XLVII (Pythagoras’ theorem) it beeomes even more
important that the lesson should be as little as possible connceted
with instruction from a human teacher. It is, or should be, one of
the most momentous crises of the mental life.

The question is posed thus: “You know that any two sides of a
triangle are greater than the third side. How miuch greater depends,
you know, on the angle between the two. Now suppose we leave
out of reckoning all triangles except those which have a right
angle. Is there any way in which we could know the length of the
hypotenuse by knowing the lengths of the other sides ?”

The child is left to grope and fumble over that question for a
short time cvery day—for perhaps a week; so as to get the sense of
impossibility, of helplessness, well worked into his consciousness;
because it is important that he should get an idea of the trne
relation of mathematical method to the sense of helplessness generated
by the limitation of direct human faculty. You then tell him to
make a right angle by placing three of his square counters or
blocks that go to make that, He will find that he needs five. He will
then perhaps suspect that the law of the relation is contained in
somne idea of sequence of numbers. Let him then try four, five and
six; he will tind that six does not make the hypotenuse long enough.
After trying various measurements for some days, you again tell
him to make the triangle whose sides are three and four and the
hypotenuse five, Tell him then to build up the complete square on
each side. Then tell him to count the blocks in cach of his squares.
Then tell him o add together the nuinbers of blocks in the two
smiall squares. And then, if you can, have the tact and wisdom to
be silent and et him think. Say no more of geometry that day.
Next day Tet him build the hollow triangle and solid squares of 3,
+ 5 again. Then other right-angled triangles, such as those with
sides 5, 12, 135 8. 15, 17; etc. Use no unnecessary words. (928)

Lesson on toads

A teacher took a class of little children into the wood, caught a
toad and put him into the middle of the group, saying: “Our
lesson today is to be about teads. But I know nothing about toads;
someone else will give you the lesson.”

One child said: ““I suppose God will give us the lesson.” Another
interposed: ““J think the toad will.” (1307)
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Lesson on infinity

Let us-go over the ground again. Suppe re is a cake on the
table. How many children can go through room without the
cake being all eaten up?

Well, that depends on two things: the size of the cake, and the
share which each child cats. If the cake weighs two pounds, and
each child eats two ounces, it will be all caten up when sixteen
children have gone through the room. If the cake weighs only one
pound, it will be eaten up when ecight children have gone through
the room. But if cach child eats only one ounce, then again sixteen
children will have to go through the room before the cake is eaten
up, and so on. Many questions could be asked, all depending on
the size of the cake and the size of each child’s share.

All this time you are tied to an hypothesis that the children ecat
cake (more or less).

But now suppose we are freed from that hypothesis. Suppose no
cake is given to the children. How many can pass through the room
before it is all eaten up?

The answer to that is: “An infinite number.”” Infinity does not
mean any particular number, or a very large number. It means a
loosened chain, a discarded hypothesis, escape from the rule we
were working under. Something c¢lse, not the size of the cake
determines the number of children. Infinity does not mean that
there are enough children in the world now to go on passing through
the room for eer, but that the number of children who pass through
the room, now that the share of each child is 0 (zcro), will have 1o
be determined by the number of children that there are in the
schesl, or the parish, or whatever it is that the children are supposed
to come from; and not by the size of the cake. The size of the cake no
longer has anything to do with answering the question: “How
many children can pass through the room before the cake is all
caten?”’ (1258)

Lesson on curves

Try to fancy that this black-board is a field. It has a brick wall
all round it, with no opening except at A, where there is a gate.

At Z there is a rabbit hole. A rabbit came out into the ficld at
Z and wandered about till he came 10 here (write the figure 1. where
he found something he liked to cat. After a little while. a dog came
in at the gate A; the rabbit caught sight of hiin, and directly
afterwards the dog caught sight of the rabbit. Now let us try if we
can make out what Lappened. First we must try to think what the
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animals would each like to have happen; the rabbit saw the dog
first; what do you think he wished? To get away. Perhaps his
tirst idea is to run straight aiway from the dog. But he can't; the
wall prevents him. What will he do next?

Now tell me, what do all these lines represent? ‘The line | 1o Z
represents the path which the rabbit would like to go along in one

jump, and does take in eighteen jumps. The lines A1, B2, C 3,

and all the other straight lines, cach represent a line that the dog
at some moment wished 1o jump along; he jumped along a bit of
one, and then changed his mind and jumiped a bit of the next, and
50 on. We drew all those straight lines; you saw me draw them by
the ruler, did you not?

But here is a curved line A to Z. Who drew that? [ drew no line
except straight ones by the ruler. Look at it well. Make sure that
you sec it and all the lines on the black-board.

Now sit slack, shut eyes, and think what the curved line is and
how it came. Open eyes and sit up. What is the curved line? The
path which the dog really ran, when at each step he meant only
to o down some straight line. (363)

Yeou are going to begin kearning alout curves, Tt will help you
to keep out of many nmddles, if you will try to remember that,
when you see a curve ina book or on paper, it represents some real
form or rwovement: or sumething more or less like a veal form or
niovement. [t may be simpler than the real path or shape; but it
is only simpler; it s really more ur less like something meant o be
real.

But when you sce straight lines, they are seldoin meant for
anything real. A straight line represents cither a path that one
foree alone wen/d have taken something along if no other force had
interfered; or else it is just put in for convenience, to mcasure by.
You have perhaps seen tailors” fashion boos, with directions for
taking picasures. You sce a picture of a 1man with a coat on, and
straight hines drawn across the shoulders or bust. You would be
dreadfully puzzled if vou thought of those lines as parts of the
picture; because no coat has lines across the shoulders or bust;
but you knew they are meant, not for seams in the coat, but for a
measuring-tape supposed to Le stretched across the man in order
to measure the width of his coat. T have known children puzzied
out of their wits. and never able to understand their Geometry for
years of their schooltime, because they mistook straight lines for
real parts «-“zome curved thing. (870)
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Curve stitching

The use of the single sewing cards is to provide children in the
Lindergarten with the means of finding out the exact nature of the
relation between one dimension and two.

There is another set of sewing cards which is made by laying two
cards side by side on the table and pasting a tape over the crack
between them. This tape forms a hinge. You can lay one card flat
and stand the other edgeways upright, and lace patterns between
them from one 1o the others.

The use of this part of the method is to provide girls in the
higher forms with a means of learning the relation between two
dimensions and three.

There is another set of models, the wse of which is 1o provide
people who have left school with a means of learning the relation
between three dimensions and four.

The wse of the books which are signed George Boole or Mary
Everest Boole is to provide reasonable people, who have learned
the logic of algebra conscientiously, with a means of teaching
themselves the relations between n dimensions and 7 - 1 dimen-
<ions, whatever number nonay be, (1247)

The beauty of some of the designs is nnguestionable; and there
can be no second opinion about the value of the methad, as training,
from the point of view of geometry as well as from that of art. What
is not quite so obvions at first sight is its bearing on the training of
the unconscious mind {or science. Without the slightest intellectual
strain it puts the children through that normal sequence of orderly
attention to classification and  detail. interspersed  with nodal
points of synthesis, which may be called the very breathing-rhythim
of the scientific discoverer.

But to make this excrcise of any use there must be no copving
from diagrams; the value of it depends on the child evoking a
curve, watching it growing, under his fingers, from mere obedience
to a law. 906)

I have seen in print disparaging comments on play-mcthods of
introducing children to arithmetical ideas. Such criticisis scem to
be founded on an crroncous assumption that the play-mcthods are
intended to teach something about arithmetical procedure, for
which purposc they are, as the critics perecive, ludicrously inade-
quate. But these methods have no relation to the teaching of
anything: their usc is to give to the infant brain a start on a line of
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developnwnt such that, in after years, when the intellectal weaching
begins, it will be capable of receiving that teaching, 1 should he
relnetant to insist on any opinion contrary to that of more ex-
pevienced teachers than myselt, dnany matter about wiich they hace
the experience. But the majority of professional teachers, at present,
on their own confession. have no idea on what depends the recep-
tivity of the child when the teaching age for tie subject has begun,
Parents also are still so nnawake o this that they contuse prepara-
tion for a subject with premature veaching of the subiject; and do
great harm by such premature teaching, Many tachers strongly
deprecate amateurish attempts to instruct children hefore  the
proper time; and in this T oentively agrer with them, A concrete
instance may help to make clear in what preparation tor a subject
consists. In my youwny days cards of different chapes were sold in
pairs, in fancy shops, for making needle-hook s and pis-cushions,
The cards were intended to he patated ong and there wits a row of
holes round the edge by which rwin cards were to b v togrether,
As [ could not paint, it got itelf someliow swgrested to e that |
might decorate the card, by lacing silk toeads tovoss the blank

spaces by means of 1the holes, When Towas tir-d ot <o facing thi
the threads crossed in the centre and covered the whole card, it
occurred to me to vary the amuserient by posiiee the dnead from
cach hole 1o one not exactly opposite o it e Teaving aspace in
the nuddle, Teen feel now ahe delight with which | discovered that
the little blank space so lett in the middle of the card was hounded
by a symmetrical curve made up of a tiny bit of cach of my straight
silk lines; that its shape depended upon. without heing the same as,
the outline of the card, and that I could modity it by altering the
distance of the downsstiteh from the up-stitch inuaediawely pre-
ceding. As the practical art of sewing perforated card was aheady
quite familiar 0 me, my brain was tree o receive as acseed the
discovery T had made, and to let it grow naturally: all the wnore
because no one spoke to ine then of tangenis, or tied 1o teach me
any algebraie geometry, tll some years had clipsed. Therefore,
when 1 did begin to learn ardiicially aont cangents, the reacher
was not ob:ligred to put ainttings into raw soit: he tonad ready o goad
strong wild stock of living interest in the relution betvecn a carve
and the straight lines which generate ito on o which he was able
o graft the new knowledue, The teacher camme, not as an outsider
thrusting on me the knowledge of something unfunibar and
strange; but as a brother-scer more advanced than nesedf], who
could show me how to make further progress on a pady which 1
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had already entered with delight. On such aceidents as this of my
card-sewing depends, [ think, inuch of those special receptivities
for certain subjects, quite distinet from great power, which puzzle
psychalogists. When we understand better how ey originane,
they will no langer depend on aceidents and we shall more often
be able to produce them at will. But et me repeat once more: the
receptivity cannot be generated by waly teaching of o subject
mized up with the use of its appropriate technical wachinery;
but ouly by suggesting the new ideas by ieans of objects already
familiar to the child’s eve and 10uch, or of processes beeome habinal
and automatic by use in connexion with o funiliar idea. Unless
this and a few other principles of normal sequence, admitted hy
all medical psychologists. are incorporvated into the basis of our
educational system, it is ta be teared that more nnproved “methods™
will increase the danger of abnormal sequences, and will uen out
to be improved methods of injuring nervesstanina, intellectual
grasp, and moral stability. (91

Mind pictures

The panses of sitting with slack muscles and taking slow quict
breaths, to muke nind-pictnres, is not intended (o supersede the
usual permitted “intervals™ between lessons: they are an integral
part of the Logic Iesson itself. 'They, as well as the resc of the scheme
here suggested, torm, it is believed, the first atteimpn to adapt to
elementary education here the magniticent inethod of stndy des-
cribed in Gratry’s Logique. A certain clement of normal niental life,
essential to sound intellectual development. wnd which can only be
reccived during suspension of the active perceptions of intellect, is
being driven out by modern educational grind. This tends 1o
produce a sort of mental and moral rickets. analogous to the physical
discase induced by a dict deficient in the bone-forming clement.
Teachers who have studied 2ny sort of medical psvehology bitierly
lament that the requirements of existing svstems force them to
inflict this grievous wrong upon the rising generation. In the
present volume, an atternpt is made to re-introduce at least & smal]
share of the skeleton-forming clements of mental life. in @ manner
which docs not necessitate disturbing existing arrangements. The
author has been kindly assisted in this matter by Mis. Archer.

English children have now to be taught to relax. to breathe, to
see. It is probable that the cultivated art of relaxation wiil ultimately
prove more sitisfuctory than the mere following of natural impulse
to relax. (813)
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The enltivation of the mathematical imagination should incade
not ouly its development but its orderly and systematic exereise,
A child s too often made o pass from a particular case which
suggests a law 1o other particular cases which require an application
of it. withoat a suflicient amount of intermediate drill in aralysis
of the law and in tracing out its results exhamstively. Between the
time when a child handles an actal cube, cuts sections, ete,, and
the time when he comes, wmong his ordimary geometrical excrcises,
to problems requiring him o draw the clevation of o cube au in
some particular way, there is a period when he tinds it useful, and
very delightful, 1o o throngh a set of processes in imagination and
to express them in his own words. 1 think of a cube, 1 think of
slicing it, beginning at one angle. T get a point. then a linle -
angle, then bigger triangles. "The corners are cut ofl making a
hexagon with unequal sides. The odd sides inerease: the hexagon
now has all its sides equal. The sides which were longer before are
now shorter than the others, They disappear and the hexagon has
become a triangle again, bat with its angles in the other directions.
The triangle becomes smaller and smaller, 1t becomes a point. It
disuppears.™ (929,

That is enough for today, Sit slack, shut your eves, and rest
betore von go 1o the next class. ban going 1o give vou two ind-
pictures:

A livde oy was so excited about going to a treat that he wonld
keep talking about 1, and wonld not 1ie his shoe-laces properly.
On the way downstairs his lace came untied: he stepped o it and
fell and sprained his ankle, so he could not go to the rean after all,

Aservant was asked to get some children dressed 1o go ont. She
got them tdy. and their boots nicely cleaned and tied on: the
children felt impatient because they were in a hurry to go out;
but they knew they could not go till they were dressed, so they were
good and quiet, When they were ready. they thought they were to
go. But the nurse grombled and said: “Now you are dressed and
all ddy and clean, I don’t want you 1o go out. for fear vou showld
tumble your hair or get yonr boots dirty, 1 was told o dress vou,
and I have dressed you: that was the important thing: that was my
real chuty. Going out is all nonsense. Sit still all the alternoon, and
look at your nice clean hoots,”

I'ry to fancy how these children would feel, and what they would
think. Try for a minute or two o fancy vowrselves in the piace of
those children. and to think what you would feel like (932).
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The spiral

The Spiral has many forms. Perhaps the subtlest and most
profoundly instructive is that traced by whirling wind in the dust
of the road. Another is the path of a planet in space. Oue of the
most inportant is the serpent; the old symbol of wickedness, and of
wisdom, of disease and of its curc,

The modern student will better understand what the serpent
meant to the ancients if he will tirst familiavise himself with other
forms of spiral more accessible in civilised lite. The simplest, the
best to begin swudying with, is the ordinary spiral wire. Let the
student when he has half an hour to spare feich the corkscrew.

If, having read so far, he smiles superior, imagining that no
spiritual instruction can pussibly be got out of so hunble a domestic
implement, he has still a good deal 1o learn before he can know the
clements of the science of notation. The vue stdent will think it
well worth while to spend a dreainy half hour in finding out whether
there is or is not anything to be learned from a corkscrew,

Stand the corkscrew up on end on the table: settle into a com-
fortable position, take a few long, casy breaths, and look at the
screw, with the hodily ¢yes half-closed. and those of the imagination
wide-open,

Imagine the serew prolonged to reach the ceiling. Imagine a
crowd of microscopic creatures creeping up the serew. Their
destiny is to rise from the table towards the ceiling. They have uo
road along which to ascend, except by the serew wire; and no
consciousness of motion except in horizontal direction; e.g. they
can recognise north, south, east. west, north-east, ete., but are not
conscious of ‘up’ or ‘down’. The inspired among them know
however, that along the wire is their true desting; the ceiling
exerts a magnetisin on them all, which the inspired among them
feel, and which they know 1o be prophetic,

What next? Nothing much, Imagine the discussions that would
take place: s the true direetion of progress north. south, east or
west 2 [s there no such thing as right or wrong? Surely we must
draw the line somewhere? If going north was vight yesterday,
going south cunnot be right today? Why can we not be consistent.
Why not decide. once for alll in what direction we mean to go? It
our fathers found out twenty vears ago. that going cast was wrong,
surely it cannot be right for us to go east now ? And so o and so on,
Only those can truly interpret the Present whe understand the
doubts and difficuliics of the Past, Lecause they have consciously
felt the magnetisny of the Foture, {1310}
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On mathematical certainty

One singular characteristic of mathematics is the automatic
power of self-correction which the mind possesses in relation 1o .
No such thing is possible as the “xistence of either a persistent or a
widely spread error, or a serious difference of opinion. as to the
result of a calculation. And this is not due to any special immunity
from error which we have in conncction with the subjects called
mathematical. Every schoolboy knows that it is as possible to make
a mistake in a sum as in any other «xercise: and the greatest
mathematicians occasionally make mistakes in calculations. But
there seems to be some mysterious court of arbitration within man
which detects mathematical error. Any two persous who have
come to dilferent conclusions as to the result of a calculation can
find out which of thain was mistaken, without appealing to any
external authority. Nor need they examine any outer facts; they
need look at nothing outside of themselves except the slates or
papers which contain the register of their owen successive mental acts. 'T hey
Judge between themselves, and judge infullibly, When one child
only has done a sum. he may need 1o look at the “answer in
the book™; if his result does not correspond with that answer, he
thinks that his processes must have been wrong somewhere. But
when two persons have made the siwne caleulation with differing
results, there is no need to compare the results with the answer in a
book: they revise and compare their own mental processes as
registered by themselves, (703)

The semtimental people who assert that everything in Arithmetic
can be “proved™ o children have, usually, no idea of what rigid
proof means; it is not necessary that the child should see the evidence
tor every hypothesis on which he works; what is necessary to mental
health is a clear understanding of what constitutes evidence, and
the power to distinguish henween what is, and what is not, proved.
:809)

The tendency in science classes to an over-cultivation of mere
monkey-destructiveness has been largely fostered by the claim of
certain faddists that children shall be told nothing, but shall “find
out everything for theniselves.”™ What science really does claim in
this matter is that a clear line of demarcation shall be preserved
between cwhat the individual has obserced and what he has learned at
second jiand. "The claim that children shall find out everything and
be told nothing is palpably absurd. -889)
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When we desive to know how a particular flower is fertlised, how
a certain bird bLuilds its nest, how an operation is performed by
those skilful ta ir, that knowledge must come to us from the outside:
we must see the facts, or hear lectures. or read books. Or, if we
wish to know what the learned suppose to he the interpretation of
certain phenomena, we st get the learned o tell us, cither by
speech or by writing, But il we wish to “think out for ourselves”
the meaning of phenomena—i.e., to receive, withont human
instruction, new light about facts we already know —-then we must
keep mathematical order in our sequence of mental operations, or
a delusion may come upon us, and we shall be likely 1o believe a
lie, and perhaps o fix it on the texture of our thinking-machinery.

(884)

Mathematical certainty depends not on the subject natter of
our investigation but upon three conditions. The first is a constant
recognition of the limits of our owr: ¥nowledge and fact of our own
rnorance. The sccond is reverenee for the As-Yet-Unknown. The
third is absolute fearlessness in weeting the reductio ad absurdam. In
mathematics we are always detghted when we come to any such
conclusions as 2 - 3 2+ 7. We feel that we have absolutely cleared
out of the way one among the several possible hypotheses, and are
ready to try another. (1237)

On mathematical methods

But the discipline in mathematics. however striet. is entirely
positive. There is in mathematics no “"Thou shalt not.” Provided
that the necessary amount of practice in right methods be secured,
during school hours. no one watches o see that wrong ones are
avoided at other times. No mathematician worth mentioning has
any objection to his pupils trying experiments in bad methods to
any extent they please in their spare time. it never occurs to any
one that boys are likely to forin bad habits, or he the fess teachable
in class, because of any vagaries they oy practise out of it, Mathe-
matical method is a thing about which there exists no esprid de corps,
no public opinion, nothing resembling eirher a canon of wste or an
ethical code; and when conventions are irsposed on the young by
authority, it is with the distinet understanding, from the first, that
any one who likes will be at liberty to alter the method in his spare
hours; that he will be even applauded for doine so it he s throunuee
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enough to Lit upon a more converient one. In no department of
study is reverence for precursors more cultivated than in mathe-
matics; but that reverence is entirely dissevered from the notion
thai ancieat methods should be adhered tog it is connccted rather
with a feeling of gratitude to those who, by inventing cluinsy and
imperfect processes, have lielped successors to Letter ones. (729)

But wheu a principle has heen admitted as valid, there v usually
more than one possible way of carrying it out irncany given cuse. The
pupil ought to be able to see that the methods are essentially
cquivalent; but he is not at first capable of judging which of the
several possible alternative methods is the most practically con-
venient. He will not be able to do so for many years 1o come: and
meantime he ought to be forming the habit of some convenient
mathod. It is here, therefore, that the principle of authority comes
in (using the word authority in the sense indicated above, of any
force or motive bronght to bear on the pupil from the owside 1o
induer him to do this rather than that).

It should Be understood from the tirst that no such thing exists
as a rvight method of performing any operation in elementary
unthematics: becatse all righmesss and T omay add all swathe-
maticalness, depends essentially on getting cachvopsration performed
by teo methads: the first, a roundabont oae. whicl represents and
registers, the conscious action of tu mind during the process of
discovery: the second, a :hort mcthod which condenses the round-
about one, assists in stowing its resulss away in the memory, and
facilitates the wing of them subconseiondy. 918,

The ordinary good citizen, whether of the nlearned or of the
learned werld, s fond of saving that vou nast not push any logical
argument to extresaes, or it lands yorcin some absurdity, Wherever
wochematios tonches, 1t inztructs 1< o push evervthing to the
eatreme i thoucht, owords: i order to be Laded in absoredities;
Lecie only so can our progises be thoroughly teweds Teois only
by pushing in thought our tangent to intinity and our radius to the
freus that we can properly understand our curve. The objrct ot o
pushing to the ulthaounn s that we may mnderstaned the curve.
Wiien we understand i we will diseard altogether those ictitious
entitics, tangent and radiusg (et is for the matheinatician, a matter
of course. Bur the world imagines that the tugent or the vadius—
or both—are meant for lines of direction as 1o conduct; and is
shocked, or argnes to prove that such condurt wenld beunwise. {710)
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The nature of mathematics

All the modern higher Mathematics is based on a Caleulus of
Operatons, on Laws of Thought., AN Mathematics, from the first,
was so in reality; but the evolvers of the modern higher Calcuhus
have known that it is so. Therefore elementary teachers who, at
the present day, persist in thinking about Algebra and Arithinede
as dealing with Laws of Number, and about Geometry as dealing
with Laws of Surface and Solid Content, are doing the best that
in them lies to put their pupils on the wrong track for reaching in
future any true understanding of the higher Algebras, Algebra
deals not with Laws of Number, but with such laws of the human
thinking machinery as have been discovered in the course of
investigations on number. Plane Geonetry deals with such Laws of
Thoughit as have been discovered by men intent on finding out
how to measure surface; and solid Grometry with such additional
Laws oi Thought as were discovered when men began o extend
Geometry into three dimensions. The braneh of Mathematics
called Cuaternions deals with such Laws of Thought as reveal
themselves during the process of investigating the relations between
nwoand - T dimensions, The sooner pupils are made to see all
Laws of Arithmetic as Liws of Thought. not of things, the simpler
and more satistuctory will their future course he, (80,

The whole process of nunieration depends on and expresses the
power and the need of the human mind 0 merge a group of its
ideal umits of one stage into a single higher unit, It represents there-
fore the Law of Sacritice. I embodies indeed both forms of that
Law: the merging of lower units ino higher; and the decompaosition
or breaking down of a higher unit into lower ones,

When we speak of sacrifice in this councection, we attach to it, of
course, no idea of emotion or of tagedy; we refer only to the
metaphysical conception of a law which underlics all our emotions
and tragedies. The farmer goes forth casting his “rice seed on the
waters,” and hix corn down to rot in the ground, Tsowing in tears,”
but omitting the tears because he understands what he s doing,
and knows lie is not wasting the good sceds but preparing the crop
of the future. We also in our sums, go through all the tragic drama
of life, with the tragic clement suspended by the presence of pure
abstract comprehension.

All these, and several other conceptions which are essentially
metaphysical, or spiritual, or psychological. are dealt with in
Arithmetic and Algebra. ... (793)
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On multiplication

All mathematics wonld be simpler if we used a non-numerical
phrascology, as we surely should do if we were less enslaved than we
are by the convention of asserting that Arithmetic deals only
with questions of number. Much confusion in the teaching of
fractions is cansed by popular mis-use of the words 1o mukhtiply”
and “‘multiplication,” which essentially belong to the domain of
number, and have no meaning where the symbols involved represent
unity, negation, or fraction. Some word should be chosen instead
of “multiply”’ which is not associated with the idea of number or of
increase; this word should be defined in the teacher’s mind as
“doing to the operand what, when done to Unity, produced the
operator” and should be explained by him to the children in a
sense consonant with that definition. What but confusion can come
from tclling children to multiply half a shilling by one-half, when
the thing yon mecan them to do is to diminish the cquivalent of
sixpenee down to threepence? What vour want him to do to the
half-shilling is something which, if done to the unit of thought,
prochices the conception one-half. The definition here given is valid
for all valies nnmerical, fractional, and logical. Whatever be the
terminology chosen. it shonld lay the foundation for a habit of
thinking of the symbol " as suggesting not the increase of things,
but a mental action. This facilitates the future couception of
reasoning by analogic process. (792)

The teacher shonld, in dealing with any branch of the operation
called “multiplication™. have in his mind this idea:— “Multipli-
cation” means doing to the operand (multiplicand) what, if done
tounity (), would prodnce the operator (multiplier).

In dealing with “division™ he should keep in his mind the idea:—
“Division™ means doing to the operand {dividend) what, if done
to the operator “divisors. would produce nnity 1), (811)

On algebra

I have pointed ont how a question which seemed. on its own
levell hopelessly ansolvable, is often solved at once by reference 10
an order of considerations higher than that involved in the question
itself. This is especially the case when a Law of Thought is appealed
to, to settle a discussion about things. Laws of things we cannot be
said really to know. except in a fumbling and cmpirical manner;
when we have true knowledge, it is becanse we have discovered the
Liw of Thought which presided at the Genesis of the Things. I
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wish to speak in all huniility and reverence; but I cannot say less
than I mean. We get clues, suggestions of Laws of Theught, by
studying things: but whenever we vuly fnote, what we know is a
Law of Thought, which we have arrived at by discharging from
our observation of particular finite things all that made them finite
and particular. The elementary geometriciau who first coneeived
the idea of the circle caught his suggestion from looking at things
whose forms were approximately round; but. as soon as he had
discovered the law of roundness within his own mind, he was able
to express roundness in a new material, to state it generally by
scratching it on the sand) in a manner which afforded no clue o
the objects from which the suggestion had come to him. And the
law of circularity, thus formulated, was henceforth master swithin
him, and governed his appreciation of things. He did not test his
Ideal circle by comparing it with the sun or with an apple; on the
contrary, lic tested the circularity of a fruit by comparing it with
his abstract or Idecal circle. His cirele then sas an alsebial zation of
the round outline of the sun or moon, or of a fiuit.

In the sume way we discover a law of munber. first, by thinking
of some particular numbers: but as snon as wor know the Law, we
can state it Algebraically, 1.c.. in a manner which conveys uo informa-
tion as to what were the particular numbers of which we happened
to be thinking when we discovered it The partieubur muabers
suggested the law to our cousciousness; they do not prove it to our
reason. Yhen once it has been suggested, it carries its own evidencee,
independently of particular numbers. And as soon as we have for-
mulated a Law thus algebraically, it is henceforth master aithin us.
Particular statements about number are referred to it; and our
opinion as to the truth of those statements is controlled by it For
instance, the law that one number multiplied by a second always
comes to the same result as is obtained by multiplving the second
by the first was of course suggested to the consciousness first by the
observation of some pavticular pairs of numbers; but it is not
proved Dy reference to any special numibers; it is general and
algebraic. And no student thoroughly understands it as a law of
number until he understands it in its algebraic statemnent: @b = ba.
As soon as he understands the algebraic statement, it bhecomes
master of his thought. (4.H)

It is instructive to reflect that up 1o a few hundred years ago it
was supposed that mental labour cannot be tightened by Mechanical
Notations unless its subject s actually number. Questions of forin
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and motion were stll treated in the laborious round-about manner
of which Euclid’s Geometry is the type. Descartes, Newton, Leibnitz
and others pereceived that the prineiple by which our arabic notation
diminishes labour is a principle not of number but of hinman
thought: that cconomy of thought-force by diminishing strain on
attention could be applied in dealing with form and motion,
Babbage mentions a problem which the best older Geometers left
obscure after four columns folio of verbal explanation; but which
15 made perfectly clear in four lines by Deseartes’ notation . . .

Algebraic notation had been supposed 10 be only applicable to
number; to see it applied to form. puzzled people, and no douhbt
scemed unnatural and uncanny, But it is all settled now; everyone
has accepted the idea that Algebra can be applied to form as well
as number.

In this century, notation-thinking has invaded Chemistry, which
before had been investigated only by empiric experiments and
ronndabout speenlation, and taught by verbal explanations. And
now people imagine that Algebra has something specially to do
with number and form and chemistry, and that it can have nothing
o do with other subjects. It would be just as trne o suppose that a
steam-engine can do no sort of work except the kinds it was first
applicd to. The steam engine is not an appendage of this or that
kind of work, but an invention to supplement the weakness of
human muscle. Algebraie notation is not an appendage of number
or form, but an appliance intended o supplement man’s limited
power of attention. The original steam-engine can only do its
own work: but once the principle was understood. it could be
adapted to any kind of physical labour, by snitable adjustiments; so
with thought-instnunents: the original Algebraic notation was, so
to speak. entangled with the special Laws of Numbers; but when
we understand its principle. we can omit from it the few actual
numerical laws and apply it to any kind of investigation. Newton,
Leibnitz, Descartes, were all investigating Laws of Thought
bBegerando calls his book on Notations: “L'Art de Penser™; the
newest chemical notation has been founded on that used in a book
written by a non-chemist and entitled Laws of Thought'": General
Babbage has kindly allowed me o copy an unpublished paper in
which his father deseribes the course of his investigations: one
sentence in it is this: 1 pursued with ardour the attempt 1o discover
some of those laws of human thought which have led to our knowledge
ol the physical Scicnees.” 1 604)
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The difficulty of mathematics

T'he manner in which that most logical of all text-hooks, Euclid,
has been misused 1o induoee illogical habits of mind. repeats itself
in most departments of clementary Mathematies. A ¢ood instance
of such misuse can be shown in connexion with the subject of
cquivalent fractions. Let us suppose that the teacher wishes to
prove to the class that three-guarters of one is equal 1o one-quarter
of three. He takes as his unit of thought the coneept apple. He oo
often begins by stating a thing which is not true in itself viz. thar
three-quarters of an apple is the same thing as a quarter of three
apples. For the purpose with which the teacher’s mind is occupicd
at the moment {the cquivalence of fractions), the statement s
trine; it is as true as that, from the shop-keeper’s point of view,
twelve pence are a shilling. But the child, who has not vet been
introduced 1o the conception of cquivalence of fractions. is at a
point of view quite different. To the child's imagination “great
lots of grub™ have a fascination quite independent of the size of his
own share, To suggest <for instanee) that a bun for one child is te
same as a hundred buns for a hundred children would be to insult
the pupil's understanding and his feclings - teclings which affect
him all the more keenly that as vet he does not know how 1o
express them, If he condd belicve vou, what would be the meaning
of school treats and social picnics? In proporiion as vou ultimately
induce him to feel that onc bun for a child is the same as a hundred
buns for a hundred children, he will be, in future, the worse man,
citizenr, political economist; and the less fit to apply mathematics
to problems in real forces. But we are speaking now of the effect of
such statements on his intcllectual processes, at the age when his
sensations are as yet unwarped. The statement that a quarter of
three apples is “the same as™ or “cqual to” three-quarters of an
apple has brought prominently into the ficld of his imagination
two pictures—an apple, and a group of three apples. The natural
way of making an apple equal to three apples is to bring forward
two more apples. It is the way things used to be made equal when
he was learning addition; why not now ? The teacher has therefore
started him looking out for the two more apples; and as what is
said next does not seem to be tending in that direction. his attention
is distracted; he gives only half his mind to what is said. Thus he
fails to get hold of onc or more links in the chain of arguunent. Some
children soon recover themselves, and attend to the rest of what is
said. And as the teacher seems to be satisticd with the reasoning and
to expect them to be so, they imagine they are so. This helps to
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form a habit of intellectual dishonesty, of confusing shamn proof
with real proof. The children who are either less sharp or more
logical and thorough laok longer for the non-appearing two apples,
and miss more links of the chain of proof. These children feel that
the whole demonstration has passed in that region where LTOWN-11ps
conduct a self-satisficd mental life in which children cannot share.
Thus are formed habits of “hopeless non-comprehension™, perhaps
even ol “‘sclf-protecting and eontemptuous non-attention™. (812)

Another fruitful source of insinity is the irreverence of teachers
for the process of Algebraization. Most children have more or less
of that luminous transparcncy which enables the individual to
perceive Laws of Thought reflected in the workings of his own soul.
As was pointed out in a foriner Chapter. he who has thus pereeived
a Law of Thought may be (and often is) absolutely sure that he
has scen a general Truth, Teachers, forgetting o discriminate
between Laws of Thought and Laws of Things. assert that the
mdividual is no standard for the community: and that re Luw of
Nature can be generalized from a single instauce. Many intelligent
voung people are thus made whamed of the divinest gitt within
them, the power of spoutiancous perception of thought-laws; and
destroy the faculty by not using it. In some. however, the tendency
to Algebraization is two strong to be repressed. The lad or girl,
being told that ~common sense and logic oppose themselves to the
practice of generalizing from a single instance™, draws the conclusion
that his teachers are the opponents of what he feels 1o be the most
sacred portion of his mental life: therefore he sets up a course of
life openly defiant of “*common sense™ as embodied in the advice
of those around him. For some years he is only “eccentric” and
perhaps “nnmanageable™; but the strain is often too great for the
brain to bear: he has never been taught to distinguish Laws of
Thought from Laws of Things: he carries the practice of generalizing
Srom one instance over into the domain of things; he reasons from
analogy or jumps to conclusions from ere association of ideas;
and falls into a hopeless tangle of delusions—victims of the wilful
irreverence of his teachers, and his own fidelity to the great truths
which they are trampling underfoot. (450)
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A science of inspiration

‘The great beauty and clearness of French mathematies, which
set in about the time of the Encyclopedic, culminated in 1853, in a
work on Logic, and on the inspired Intellectual Facalties, by Gratry,
in which he proved that the caleulus of Newton and beibniw was
a supra-logical procedure, and that geometric induction is essentially
a process of praver; by which he evidentdy means an appeal from the
finite mind to the Infinite for light on finite concerns. He said that
Logic {as ordinarily conceived in his dav) had only feet, whereas,
treated as he suggested, it would acquire wings. My hushband in
the previous year called attention «Laws of Thought. p. 4+ 1o the
distinction  between  mathematical induction and  the kind  of
induction known to observers of physical fact. My husband did
not use the words “‘inspiration™ and “praver™ about the tormer, as
Gratry did: as I said. he avoided calling the attention of the
unlearned to his work by words familiar o them in conneetion with
“religion™: but he deseribed the process of mathematical induction
in terms which should have shown to any educated person what he
meant. He revelled in Gratry's book. | have never met with any
other Fnglishman whoe had seen the mathematical portion il it
wus pointed out to him by me: thongh a<a religious writer Grauwy
is well known, What has become of Gratey's influence on science ?
I have heard that he was threatened with excommunication, The
sentence was not carried out: it would have called attention 1o
his work. .. ..

At this point our reasoning must leave the carth and rise tor a
moment on its wings. Those who can understand nothing which
does not vefer either to the hoarding of minerals or the eracking of
nuts will not be able to follow us. Shut your eyes for a moment and
turn your gaze within, Think what must have been the effect of
the intense Hinduizing of three such men as Babbage. De Morgan
and George Boole on the mathematical atmosphere of 1830 1865.
What share had it in generating the Veetor Analysis and the
mathematies by which investigations in physical science are now
conducted? (957,

In mathematics, however, much of the painful sense of futility is
avoided by our knowing exactly what sacritice is necessary for
abtaining the special knowledge songht. Nearly nincteen centuries
ago. a snggestion was made, which, when followed up, imports
into the subject of sacritice for Inspiration much of the exactness
which robs mathematical saerifice of its sting: and changes the

Erel
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sowing 1 tears reconunended by piety from the condition of vague
scattering ol treasures at random, o that of well-caleulated planting
of good seed in appropriate soil. The suggestion occurs in a passage
in the New Testament. on which nuch mystical comment has been
written by theologians, Tt was pointed out o me long ago, by
Professor Boole. as containing a psychological clue specially well
worth following up. It seemis to me to sum up and make available
for purposes of practical guidanee that theoretical knowledge about
the nature of our own inspiration-receiving powers which we gain
from mathematices generally,

“The wind bloweth where it lsteth, and thou hearest the sound
thereoll but canst not tell whenee it cometh or whither it goeth: so
is every one that is born of the Spirit.” This evidently cannot refer
to wind regarded as travelling in a straight line: we do know of a
trade wind whenee it comes and whither it goes. The path of the
whirlwind was a matter of observation long before the Christian
Lra. and might Iave been suggested at any time to an intelligent
observer by the motion of particles of dust, 1 the reader will look
at the dingram on a dust-whirl, and suppose himnself to be one of a
cloud of gnats caught in the gust. or to be steering one of a flotitla
of xhips caught in a hurricane, he will see that the sentence contains
hoth an admirable picture of a society on which has descended an
mspiration to think on some new topic. and a canon of guidance
for an individual who desires to find the main line of progress and
to preserve bis own sanity and safety, (727)

The ouly grear hiatus, so far as 1 know. which exists in mathe-
matical teaching between sound theory and the best actual practice,
iz of this kind: Mathematical induction is essentially inspirational
work and should be done during periods when discipline is relaxed;;
periods of leisure. of re-creation from laubour; during the Sabbath
of the Inspirer, the Unity: ultimately even dnring sleep. Children
are expected 1o do it to order, under the same conditions as those
in which they do ordinary study: fe., in school. where discipline
ittt not be relaxed; where time must be kept: where examinations
are looming ahead. Thus bad habits are formed, which weaken that
synthetic faculty on which true inspiration depends. and which
cause the pupil to become a victim either to rontine or to psendo-

inspiration. {1001}
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“Necessity is the mother of invention.™ Is it not possible that the
very limitation of our dircet numerical faculties has forced mathe-
maticians to create, unconsciowsly. the kadder on which man ean
safely chimb to "The Infinite? Is it not possible that mathematics is,
after all, a science, not of number and quantity, but of the conditions
under which mnan can make his progress towards unknown Truth
uniforin and safe; and can preserve himself from being seriously
misled by the mistakes which he is sure to make on his way?

This question unavoidably presents isell. sooner or later. not, of
course, to all mathematicians—that is to say. all users of mathe-
matical formulac—Dbut to all serious students of mathematical
philosophy. Tt is in this century that it has taken conerete form and
comme into open expression in print: but it scems to me that it must
always have been haunting the imaginations of the wore subtle
thinkers, cver sinee the first Abacus was invented as an aid in
reckoning; ever since circles were first drawn by some inspired
savage. by means, perhaps, of two thorns linked together by a
strip of hark.

But more than 1 have yet indicated has dawned on the nmagi-
nation of & few mathematicians (in this century certainly, and 1
have reason 1o think earlicr).

Iv not mathematics emphatically a miniature edition, so to speak,
of the seience of sane inspiration? Does it not contain the clue to
an acenrate distinction between the sane inspirations of genius and
its aberrations 2 1703)

A mathematician once said, in allusion to some of his own
discoveries, “There are some things that could never be done
unless some men wonld consent to be ill in order to do them.*” Ha
meant o designate by the word “ill”™ a condition not morbid in
itself, a condition swictly physiolagical not pathological. a condition
which resembles parturition rather than discase. It is normally
attended by some symptom often associated with illness; and,
without being discase, it is a condition favourable to the setting up
of certain forms of discase unkess special precautions are taken to
prevent it. No great original work in abstract science. no great
generalisation in any natuwral or physical scicuce, is made, nor is
any great work of art generated, without the author having gone
through one of these singular phases. (1003)
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Embracing ignorance

Arithnictic means dealing logically with facts which we know
(about questions of number).

“Logically”; that is to say, in accordance with the “Logas” or
hidden wisdom, i.e., the laws of normal action of the human mind.,

For iustance, you are asked what will have to be paid for six
pounds of sugar at 3d. a pound. You multiply the six by the three.
That is not because of any property of sugar, or of the copper of
which the pennies are made. You would have done the same if the
thing bought had been starch or apples. You would have done
just the same if the maierial had been tea at 3s. a pound. Morcover,
vou would have done just the same kind of action if you had been
asked the price of seven pounds of tea at 2s. a pound. You do what
you do under direction of the Logos or hidden wisdom. And this
faw of the Logos is made not by any King or Parliament, but by
whoever or whatever created the human mind. . .. .

When people had only arithmetic and not algebra, they found
out a surprising amount of things about numbers and quantities.
But there remained problems which they very much needed to
solve and could not. They had to guess the answer; and, of course,
they usually guessed wrong., And I am inclined to think they disa-
greed. Each person, of course, thought his own guess was nearest
to the truth. Probably they quarrelled, and got nervous and over-
strained and miserable, and said things which hurt the feelings of
their friends. and which they saw afterwards they had better not
have said—things which threw no light on the problem, and only
upset everybody's mind more than ever. T was not there, so I
cannot tell you exactly what happened; but quarrelling and
disagreeing and nervesstrain alwavs do go on in such cascs.

At last {at least 1 should suppose this is what happened) some
man, or perhaps some woman, suddenly said: “How stupid we've
all been! We have been dealing logically with all the facts we knew
about this problem. except the most important fact of all, the fact of
our own ignorance. Let us include that among the facts we have
to be logical about, and sce where we get to then. In this problem,
besicdes the numbers which we do know, there is one which we do
not know, and which we want to know. Instead of guessing whether
we are to call 1t nine, or seven. or a hundred and twenty, or a
thousand and fifty, let us agree to call it x, and let us always remem-
ber that v stands for the Unknown. Let us write x in among all our
ather numbers, and deal logically with it according to exactly the
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same laws as we deal with six, or nine, or a hundred, or a thousand.

As soon as this method was adopted, many difficultics which
had been puzzling everybody fell 1o picces Tike a Rupert’s drop
when you nip its tail. or disappeared like bats when the sun rises.
Nobody knew where they had gone to. and 1 shonld think that
nobody cared. 'The main fact was that they were no longer there
to puzzle people. (1231)

"Fhis is only part of the essence of Algebra, which, as 1 told you,
Consists in preserving  a - constant, reverent, and  conscientious
awareness of our own ignorance. «1235)

Always rentember that the use of algebra is to free people frum
bundage. For mstance. in the case of number: Children do their
numeration, their carrying™, in tens, because primitive man had
nothing to do sums with but his ten fingers.

Many children grow supersticious, and think that vou cannot
carry exeept in tens; or that it s wrong to carry in anyvthing but
tens. The use of algebra is to free them from houdage o all this
stupersiitions nonsense, and help thent to see that the numbers would
cotne just as right if we carried in cights or twelves or twenties, Tt is
a litde dithieult to do this at first, heeause we are not accustomed to
i bat algebra helps to get over our stiffness and set habits and to
do numeration on any basis that suits the matter we are dealing
with. (1239)

The essential element of Algebra: the habitual registration of the
exact limits of one’s knowledge. the incessant calling into con-
sciousness of the fact of one’s own ignorance. is the element which
Boole’s would-be interpreters have left out of his method. [t is
also the clement which modern Theosophy omits in its interpre-
tation of ancient Oriental Mind Science.

Men who wish to exploit other men fear nothing in logic or
scicnce except this element. They fear nothing in carth, heaven,
or hell, so much as a public accustomied to realise exactly kow much
has been proved, and where its own ignorance begins. Exploiters fear this
about equally, whether they call themselves priests, schoolmasters,
college dons, political leaders, or organisers of syndicates and
trusts. 11261)
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Teapot algebra

Many people think that it is impossible 10 mak. Algebra about
anything except number. This is a complete mistake. We make an
Algebra whenever we arrange facts that we know round a centre
which is a statement of what it is that we want to know and do
not know; and then proceed to deal logically with all the statements,
including the statement of our own ignorance.

Algebra can be made about anything which any human being
wants to know about. Everybody ought to be able to make Algebras;
and the souner we begin the better, It is best 1o begin before we
can talk; because, until we can talk, no one can get us into illogical
habits; and it is advisable that good logic should get the start of bad.

If you have a baby brother, it would be a nice annsement for
vou to teach him to make Algebra when he is about ten months or
a year old. And now 1 will tell vou how to do it.

Sometimes a baby, when it sees a bright metal teapot, laughs and
crows and wants to play with the baby reflected in the metal. It
has learned, by what is called “empirical experience”, that teapots
are nice cool things to handle. Another baby, when it sees a bright
teapot, turns its head away and screams, and will not be pacified
while the teapot is ncar. It has learned by empirical experience.
that teapots are nasty boiling hot things which burn one’s fingers.

Now you will observe that both these babies have learnt by
experience. Some people say that experience is the mother of
Wisdor; but you sce that both babies cannot be right: and. as a
matter of fact, both are wrong. If they could talk, they might
argue and quarrel for years; and vate; and write in the newspapers;
and waste their own time and other people’s money: each trying
to prove he was right. it there is no wisdom to be got in that way,
What a wise baby knows is that he cannot tell by the mere look of a
teapot, whether it is hot or cold. The fact that is most prominent in
his mind when he sces a teapot is the fact that ke does not hnow
whether it is hot or cold. He puts that fact along with the other
fact: that he would very much like to play with the picture in the
teapot supposing it would not burn his fingers: and he deals logically
with both these facts; and comes to the wise conclusion that it
wonld he bLest to go very cautiously and find out whether the
teapot is hot, by putting his fingers near but not too near. That
baby has begun his mathemeteal studies: and begun them at the
right end. He has made an Algebra for himself. And the best wish
onc can make {or his future is that he will go on doing the same for
the rest of his life.
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Perhaps the best way of teaching a baby Algebra would be to
get him thoroughly accustomed to playing with a bright vessel of
some kind when cold; then put another just like it on the table
in front of him, one being filled with hot water. Let him play
with the cold one: and show Limn that you do not wish him to play
with the other. When he persists, as he probably will, let him find
out for himself that the two things which look so alike have not
exactly the same properties. Of course, you must take care that he
does not hurt himself seriously. (1233)
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The laws of thought

My husband told me that when he was a lad of seventeen a
thought struck him suddenly, which became the foundation of all
his future discoveries, It was a flash of psychological insight inw
the conditions under which a mind most readily accunulates
knowledge, Many young people have similar flaskies of revelation
as to the nature of their own mental powers; those to whom they
occur often become distinguished in some branch of learning; but
to no one individual does the revelation come with suflicient elear-
ness to enable him to explain to others the true seeret of his success.
George Boole, poor and with litle leisure for study, becanie known
as a learned and original mathematician at an early age. From the
first he connected his serap of psychologic knowledge with sacred
Hterature. For a few years he supposed himself to be convinced of
the truth of “the Bible™ as a whole, and cven intended to take
orders as a clergyman of the English Church. But by the help of a
learnced Jew in Lincoln he found out the true nature of the discovery
which hed dawned on him. This was that man’s mind works by
means of xome mechanism which “functions normiatly  towards
Monism ™. Besides the information which reaches it from  the
external world. it receives knowledge direet from The Unscen
every dime it returns to the thoaght of Unity between any given
claments cof fact or thought). after o period of tension on the
contrast or antagonism between those same elements.

At this point all possibility of becoming a priest came to an end.
Gieorge set to work ta write a book @ The Laies of Thaught), in order
to gve to the world his greac discovery, H he had stated it in words,
he would have been entangled in an unseemly theological skirmish.
He presented the truth o the learned. elothed in a veil so trans-
parcet that it is diflicult to coneeive how any human being could
have been blinded by it: he proved that by the mere device of
always writing the syinbot 1 for whatever is the “Universe of
Thought™ for the time being, the whole cumbersonte mechanism
then known as*Logic™ conld be dispensed with. If you are thinking
of sheep as divided into white and not-white, but x for *white’ and
I for sheep’sif you are thinking of sheep as a portion of the animal
kingdom, write 2 for sheep” and | fer "animals’, and so on. Using
this simple device, he proved that the most complicated examples
given inany treatise on logic conld be solved easily and mechanically
by the ordinary processes of elementary algebra.

The academic world was enchanted. George visited Cambridge
in 1835, a year after the publication. and was astonished. and at
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first: gratificd, at the cordiality of his reception. Herbert Spencer
said that the book was “the greatest advance in Logic since
Aristotle™. George Boole said to me that neither Aristotle’s Logic
nor the Creed of Moses could have been enunciated unless the
formula 1o which the Universities had now given the name of
“Boole's Equation” had been, in some form or other, perfectly
well known. George afterwards learned, 1o his great joy, that the
same conception of the basis of Logie was held by Leibnitz, the
contemporary of Newton, De Morgan, of course, understood the
formula in its true sense; he was Boole's collaborator all along.
Herbert Spencer, Jowett, and Leslie Ellis understood, 1T feel sure;
and a few others. But nearly all the logicians and mathematicians
ignored the statement that the book was meant to throw lglut ox
the nature of the human mind; and treated the formula entirely as a
wonderful new method of reducing 10 logical order masses of
evidence about external fact, Ouly think of it! The great English
religious mind, which considers itself competent to preach the Truth,
the only saving Truth, o alf nankind s the great academic ednea-
tional wind which is o improve Hindu culture off the face of the
carth, tell into a trap shicli | believe would hardly have deceived a
sivage. My hushand said to e that e believed he could never
have made his discoveries i e had received a university education
tas he at one time much wished o do, but was, fortunately, pre-
vented by povertyis My after-experiences, among mien who had
been subjected to that process, incline me to think he was quite
right in so believing. He was, as [ said, a quiet student, gentle,
timid, very conscicntious, and averse to controversy; he could not
face the theological animus which would be aroused by any
attempt to explain himself in open words, nor did he feel it right to
unsettle the superstitions ot people evidently too stupid 1o take in
reasonable truth: he went on to further rescarches. (951)

Boole’s discoveries

The first of these discoveries he made in the year 1832 or 1833,
at the age of seventeen. As he long afterwards old me, it flashed
upon him suddenly one afternoon as he was crossing a field. It
was the mwvstic secret, the open seeret of all the ages; the same
which has been known to all great Scers, Mystics, Religion-
Uvunders from the dawn of History, viz:— that the mind of man is
cncased in a mechanism which, besides recciving impressions
through what we call the senses, receives information also from
sorne source, mvisible and undefinable, the access to which opens
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whenever the mind, after a period of tension ou the difference,
contrast, or conllict between any elements of thought, turns 1o
contemplate the same clements as united, or as forming parts of a
unity. The highest form of this mental excreise is, of coursc, that
recommended by certain religious moralists, i.c.. when we wish for
religions inspiration, to prepare for it by secking the bond of
brotherhood and friendship with the person with whom we have
been at enmity. This form of reunivn after separation is the highest
in tllmminating power; the preliminary tension, or sense of scparate-
ness, being more acute, and uwsually more prolonged, than where
the sense of contrast is mercly inteliectual; and more of the nervous
system s involved in personal hatred or anger than in a mere
sensc-perception, such as that the harebell is blue and the ragweed
vellow. But a small and non-cinotional effect of the king indicated
is produced when we turn to consider the qualities common to
two plants or other objects, after we have been studying the respects
in which they differ.. . ..

This sceret for inducing inspirations of uew knowledge is ein-
bodied in Boole's Thought-Equation,

X - (not-x) = I,

where T stands for the Unit of Thought for the time being. George
Baole often tried to translate this Equation into words. But many
circumstances comnbined to hinder his publishing any word-versions
of it. Ba 1835, 1o his great joy, Pére Gratry the Oratorian, formu-
liuwed the truth which it expresses, in language on which George
Boole felt he could not improve. Gratry made the Law of re-union
after tension on contrast the basis of a method of procuring sugges-
tions and revelations; a method as systenmatic and regular, and as
scientific as any invention used by electricians for inducing currents.
Gratry explains how he also used hiz e thod for the purpose of
procuring sound and dreamless sleep aned for making such sleep
fertde of new thoughts. He prepared both for repose and for
inspiration by fixing his mind on the propertics common to things
scemingly different, and about which he had been acquiring
concrete knowledge by methods totally diverse, (789)

Now George Boole's sceond discovery was that of a solrent
which. so 10 speak, soaks away and washes out from Arithinctic all
questions of Number, and leaves the rest of it standing, complete,
a perfect skeleton-picture of the mind’s norinal action when
engaged in evelving the Seicnce of which Number is the material.
It thus stands clear as a contribution to the Science of human

63

60



O

ERIC

Aruitoxt provided by Eic:

Psychology. showing how minds of old worked when engaged in
mastering difliculties,

Having thus reduced Algebra to its fibrous skeleion, he next
comparcd it with that of Logic, and proved their complete homo-
morphism,

What I have called the solvent consists in an Equation the roots
of which {or, in school-boy language, the answers to which) are
0 and b That Equation is

ey
or. otherwise
N A=) 0l
This equation is “'satistied™ (Ze. wrns out truc). if cither of the
values | or 0 is substituted for v but not if any nember is substituted
fur x. An instance given in the Laws of Thought to illustrate the
logical bearing of this equation is the following: From all the
creatures in the world, seleet in your mind. sheep. Let the class-
concept sheep™ be. for the moment. your unit of thought. From that
unit. scleet the class of “horned things™: von thus get the conzept
“horned sheep™. i contrast with a rejeeted background “sheep
that are not horned™. Your selection of “horned™ from among
sheep has really altered your concept “sheep™. given (o it clearer
definition and a narrower scope. Now repeat on the class-coneept,
“horned sheep™, the operation of sclecting “horned things™. this
does not have any further effeet; “horned sheep which are horned™
are identically the same class as “horned sheep™. On the other
hand, if you apply the operation of selecting the horned individuals
to the other class. “*not horned sheep™. the result is 05 for there are
no horned things in that class.

Boole proved 1o the entire satisfaction of the Iearned) that the
so-called ““dictum. of Aristotle™. {on which all Logic taught in
European Universities up to his time had been founded) was a
particular casc of the eguation,

XX o=
The fcarned failed 1o seize the gently suggested moral; 1 will give
it here in plain words. This is it: “Aristotle, by treating mind as a
mechanism whose normal action is to swing between | and 0,
created a systemn of Logic which has stood the test of two thousand
vears. Let us now discard that system, and learn. instead, how to
use our minds as Aristotle used his. viz., in accordance with its
Natural Laws. Let us dare, henceforth, to be every man his own
Aristotle. Let us make methods in Logic, each for himself. as we go
along, by treating cach clement of thought alternately as 1 and 0.
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This is the real "Boole's Method™, s practised by hinself. Fo prove
to the world the feasibility of lis plan, Georae Boaole apphied it to
create a new Formad Logie, a0 NMethod 0 velared o that hitherto
used in Lovic-clases, as a quartz-crishing maeline is to a Guarry-
s lamer. This method known o Boole's Calenhis: de pe nds
on treating his two Bguations e Mystic Law, o ropsveliologicul
cquation,

L5 nol-ye ]
aned the dogieal equaion

A \ v

as sinoliancons. Boole's focical Cabilos is wonked ont between
thewe Tris needlesshy clinnsy: and has been moditied aned tuch
improved by sueh meenas Jevons and Veno, None of their svsters,
however, eoncerns the ordinam bisiness of lite, Boole's real e thod:
Let s b coorvane fils vion Arniotle, Concerns evershdy, espreeialiy
teachiers of Children.

NMier the publication of Dhe Lawcy of L honsht, Greorae Boole
wrote two text-hooks, assisted in beingeing his arand coneeption
down o ahe Jevel of ardinary mahematical notdionn. by his
cuthusiastic: pupils. He olien Jonged 1o wiite sl further on
Psyvehology, whicl he was adb the time studving devotedIv, with
the hielp ol all the medical knowlodee e conld et Hewas hindered
from publishing anvihing favtdner on the subject by not being able
o clear np eertain points: il shordy Before bis deatl, b sngeested

v bt that @ certaun well-knowen passage in the New Testament
lhr-ul the Wind, night refer o the conre of a Cirenlar Storm or
Dust-whitl, Mier thinking it over for sone time Gearge Boole said:
“Stick to that: veu have got the clue now.™ He added that it wonld
Be sorth iy while to Tav aside all ather Tines of inquiry and follow
np the clue which T had fomad, e died shorty afier this, 794,

No anount ot Bkill in using o mathemmatical notation throws any
light on the conditions vnder which i was generated. A\ anan may
use e seierntfic notttion with consunnnate skill and ver knoww no
more of the mode inowhich it was generated than the boy  who
turns e handle of a m'l(llinr' need Lnow ol the natnre of the
investigations which presided over fis construaiion, M: iy so-caltled
mathematicians are so unwwake o the e nature of the tachine
which they are nanipulating alat they are o wrdly anware that there
s auyvthing to leawrns Iowho livied nine veurs with ( ieoree Boole
winle he was eollaborating with De Morgan, know - that [ do
ot know. I do as George Boole and De Morgan did: | bow my
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head in reverent thankfulness o that mysterions East, whenee
come to us wafls of some transcendent power the natnre of which
we ourselves can hardly state in words, When materialists on one
side, and theosophists on the other, agree in assming the public
that the great stmcture of LBuropean science has been created
wwithout reference to psychic lore, 1 feel that T owe it to the canse of truth
ta suy that 1 ditfer from these persons, not as to the truth or valoe
or originality of this or that idea or statement, but as o the contents
of books which they have apparently never read, about the genesis
of notations which they can only use wechanically Aif they can
even do that much), whereas 1 have discussed  the details of some
of these with the originator hefore their form was finally fixed, (961)

I was asked to translate the Life-Laws, or Laws ol Thought {of
Gratry and Boole)out of the kingnage of the Modern Caleulus into
that of the simple geometry wsed of old. To exhibit the most impor-
tant law I had 1o use a diagrain in shape like a capital V1 had o
draw the thing open end upwards, and afterwards shut end upwards,
I noticed that my stupider pupils were sometimes confused by the
first Voremaining on the paper: 1 wished T could pick it bodily up
and reverse it to show that the same thing was seen alternately in
the two aspects. A pair of compasses, open al the Freemason's
Angle, would have answered exactly, except that it did not show
the process of becoming. as a drawing made before the pupil does.
What was wanted was, a thing that would first suggest growing from
one into two. and that 1 coudd then turn upside down. In fhet, a
natural forked stick. While thinking this over. I suddenly renem-
bered secing a miner doing something in my childhood’ with a
stick the very shape 1 wanted. This excited my curiosity, and |
went to a conmtry parish where 1 had heard there was o fady
dowser, and asked her to show me her magie,

The whole process is this. The dowser vohutarily goes through,
in dumb show. hall’ of a logie lesson on the first Law of Thought.
While he is doing so. his amns begin to tingle; and. as he patsses
over ore. or running. water, his hands atomatically complete the
lesson by reversing the rod. The dowser. who knows no logic. docs
tone half by wradition and the other half auomatically’ what 1 do
on purpose to teach the tiest Law of Thought., <394
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On singular solutions

Draw a circle with a radius of an inch, and then ink it over so as
to distingnish it from all the others which you are going to draw,

Then close your compasses to a quarter of an inch, Put the poeint
anywhere on our ink line, and draw a cirele in pencil. Put vour
point down anywhere else on the ink line, and draw another eirele.
Repeat again and again, til you have a dozen circles, or a hundred,
or indeed any number that you like. Any point in the ink line is
the centre of one such possible cirele; and. as the number of poiuts
in the circumference is infinite. there is no Limit 1o the munber of
sucht cireles. exeept what may be imposed by the limiations of
your patience or your eyesight,

Well, all these litte pencil circles, actual or possible, belong to
what is called a “family™. Any “family” of curves has certain laws
to which all the metbers are subject. and which are the laws of
their being. What are the Luws of this family's being? “Every
menther of it has its centre on the ink line, and is exactly half an
inch acros™, you say. No yon are wrong. All the members that
cver you saie yet are indeed subject 1o those conditions which you
mention: and if you thought of them as isolated individuals vou
might never ind out that there was anything more to say about
themn. But when o mathematician expresses in strict mathematical
language the law which binds those cireles into a family. and
states their connection with cach other, he tinds (10 his great sur-
prise, if it is his first experience of the kind) indications of the
existence, somewhere or other inspace. of two other curves belonging
to the family, which have a larger radius and whose centres are
not sitmated on the ink line. On inquiring further. he finds out
whercabouts in space these larger circles are.

Draw two circles, whose centre coincides with that of the ink
circle, and whose radius is in the one case three quarters in the
ather five quarters, of an inch: these two circles belong to the same
family as the small ones. (The ink circle does not.) These larger
circles are instances of what mathematicians  call *Singular
Solutions™. Ordinary people call them “exceptions™. Philesophers
call thein “typical cases™. Impatient people call themn “anomalics”,
and do their best to weed them out, so as 1o reduce everything to the
domain of what they please 1o call “law”—by which they mean
such law as they can understand.

A Singular Solution may be located anywhere in space; often
it is a long way off from its family, and of very different shape. In
this particular case, and many others, it is of the same shape as the
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more commonplawe meberss and in contaet with every one ol
then Sometimes the faw of a0 Lunily has one Singular Solution:
sometimes more than one, 2525

The study of the phearmenon ol the Messianic Scerhood heeame
the absorbing nterest of George Boole's Luter vears, ‘The chapter on
Singnlar Sohwions in his text-book  of  differential Eqgnations
containg umeh genuine metaphysical tuthe expressed in mathe-
matical terminology, He made o special study of the sermons of
the strange preacher, Foo DL Manrice; and in the Jast year of his
life wrote: T have made ontwhat puts the whole subject of Singular
Solutions into a state of Unity.” What strange pulsation of thought
must have thrlled from the mind of the great Seer of Messianic
Singular Solution, into that of the logician of the Unity, hefore
those words were written, who can guess? The MS. on which
George Boole was cngased at the thime lies undeciphered in the
archives of the Roval Societv: no mere nuathematiclan can under-
stand itz and no theologian cares oy, Perhaps it may be de-
ciphered vetowhen further progress has beenmade in knowledge
of the correspondence hetween the normal action of the human
wind and i automatic expression by mreans of notations., REEY

The subject of Singnla Solutions had @ curious faseination tor
my husband, then and w the end of his life, Fhe chapter of the
text-book which refers (o thewr was written in a sort of religions
rapture ... 24,

Charles Babbawge is chicfly known to the world as the inventor of
a machine intended to spare the labonr of calenlating mimerical
sevies. In the course of its construetion, he had 10 make a thorongh
study of the Laws of navral sequence, so far as these are embodied
i processes of succesive additions. But the man who would think
of undertaking such o task at all was sure o see the importance of
satnrating himselt with a further knowledge of Naune's sevies, He
investigated not only those mathematical series the cquations of
which are known, and which underlic siuch natnral curves as
planct-paths, lines of vefraction, ete: bt also those torms of
Nawnral seqnence the mathematical expressions of which have not
ver beertascertained, such as geologie changes, the development of
phnts and animals, cte, He had nothing 1o lose or vain by any
conduwion o which he might be led: he had one all-absorbing
cud i view, the perfecting of his wachive; and, o that object. it

68

f g



O

ERIC

Aruitoxt provided by Eic:

nuttered nothing wlit the Lasws of Natore should tarn ont 1o be s
the one desideratun was that heo Babbage, should know what
they were, and ctnbody then traly in the constrnetion of’ his cows
and wheels. One ol the facts whiclh he discovered was this: For one
series unerical or phenomenalt which goes on uniformly, there
are an almost fndinite mounber which cithier sooner or Lter have
mterruptions oft Singubar Ferws, His arguments cannot be fully
ertered on heres bue the main result s this: Whoeser adduees the
inflexibility of Law to prove the improbabilitey oft Miracle, only
proves that he does not nnderstand the connection between Law
and Phenomena, No omractke, N, Babbace considers, could be
a priori, so improbable as it is that man should learn the true Law of
o vosequence by observing an wninterrpted series of phenomena, 1244

Various mathematical stndies have thrown o vivid light on the
plenomencae Gl inversion: among them s one by Babbage, pnb-
lished in 1857, ander the Gtle Nogh Ihidoeceater Dreative, Lines and
shapes i three dimensions which, in themselves, are continuons
and normals produces i their shadoss o« cast on tlat paper, all
manner of anomalies, inversions, and drvegnlavities, 1o s anlerred
that normal tacts in hicher ditnensicns imtght, swhen rellected on
the T three-dimensional consciousness, aceonnt for anomalies
and apparendy miracnlons coditions. The  experiment was
thevefore ried o inverting cervin relations in the equations of
recular corves and fonilies of carvess A snost interesting result
followed, The inverted equation to a cnrve somctinges gives what
is called a “singnlar poind”, related to the orteinal carve almos o
a rogue clephant™ i his tribe: standing aloofl in no relation
visible to the eve ssith any other poiue oncte aiarves Onthe ather
hand. the invert equation to a Guay ol enrves may produce what
i ocalled an Cenvelope™, e curve in contaet with every other
menher of e funilv, These anonalous points or curves, worked
oo dnvert cguations, are called e cthematiesl terminology,
wodar vt Naanac Hartog, the g Jew whose brilliant
wotnevernent innatheratios was the oot pening aniversity
honour o his cosrelgioniss, said 1o ne o a pozaled kind of way,
that the chapter on singnlar solutions in my hushand’s freatise on
Detierontzal Foynations, “does not read like a chapter of an ordinary
tes hook™ T would be strange it didy seeine that it resulted
fromiadevon rady of the mivstie licerature of adl ages, (rom Isaial's
(o ohecies o0 Fennvson’s S8 Agnes” Fve o Ny lasband, in the
tast e his Tites devoted much time o the sindy of Frederick
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Denison Manrice, the theological reformer, and, not long hefore
his death, wrote: 1 have made out what puts the whole subject
of Singular Sohutions into a State of Unity.” Following up clues
givern: by him at that period some extra-academic mathematicians
have worked on the problem so near his heart throughout his life,
viz.: Givensa child of any anomalous type, how shondd his education
be directed towards forming in him personal habits tending towards
comstructive genius rather than perverse destructiveness: towards
iHuminating synthesis rather than brilliane paradox;  towards
usetul (n'iqinuli(y rather than vicions curiosityy towards a reverent
and sparing use of pleasures, towards renunciation of that for which
other men seck, rather than towards audacious smatching at what
they feel to be evil 2

When I have tried to call the attention of heads of schools to the
dangers to which children of exceptional type are exposed under
existing sehemes of moral and religious cducation, I have been
met by replies o the efect that asehool must he organised to suit
the majority, and that exceptional children must take their chance
i the general melee - a dangerons doctrine in ieell, it seemns to e,
becanse genins has ereat influence, for good or ill, over the masses
of average men and women, But besides this, it s thought by
several experienced persons i the scheme of mental habi
sugrested tor the protection of genins fom it special mental and
moral dangers would in reality he good, not bad, for the develop-
ment and stunina of average children.

We are often told by publishers and editors that the public is
not interested in speculation of this kind, Bu if Lngland takes no
interest i the question whether its voung men of abnormal genius
shall lay themselves on the altar of National Reform or rot away in
mere phosphorescent decadence, why was Oscar Wilde condemned
to prison. and why do we perform religions services in honour of

Joesus of Nuzareth ? 21380,
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The last fea paragraphs of the Investigation into e Laws of ‘Thougli
by Cleorge Boole :
Those who have maintained that the position of mathematies is
- fundamental one, have drawn one of their strongest argn-
ments from the actual constitution of things, "T'he material friune s
subject i all its parts 1o the relations of number. All dynamical,
chemical,  clectrical, thermal, actions.  seem not ouly to be
measurable in themselves, but 1o be  conneeted  with  eiaceh
other, even to the extent of mutal convertalility, by numerical
relations of o perleetly  detinite kind. But the  opinion  in
(uestinon seems to me to rest upon a deeper basis
thane this. The Taws of thought. in all its processes of conception
and of reasoning, in all those operations of which language is the
expression or the instrument, are of the same kind as are the laws
of the acknowledged processes of Mathematies. 1t is not contended
that Ui necessary for us 1o aceuaint onrselves with those laws in
order to think coherently. or, in the ordinary sense of the terms, to
reason wello Men draw inferenees withont any conseiousness of
those clements upon: which the entire procedure depends. Still
lessis it desired 1o exalt the reasoning facnlty over the faculties of
obvervation, of vetlection and of judgenent. Bt upon the very
groumd that Tnnnan thought, traced o i ultimate elements,
reveals iself in mathematical forms, we have a presumption that
the mathematical scienees ocenpy. by the constitution: of our
nature, a fundamental place in human knowledge, and that no
system of uman enlture can be complete or fundimental, which
altogether neglects them, But the very same elass of consideration
hows with equal foree the error of those wha regard the stidy of
Mathematics, and ol theiv applications, as a suflicient basis either
of knowledge or of diseipline If the constitirion of the material
frame is mathematical, it is not werely so. I the mind, in it
. whether consciously or un-

capacity of formal reasoning, obey
consciowslymathematical Taws, it claims through its other capacities
of sentitnent and action, through its perceptions of beauty and of
wore fitness, throngh its decp springs of emotion and atfection. o
bold relation o a different order of things. There is, morcover. a
breadide of intellectzal vision. a power of sympathy with truth in
all s mumifestations, which is not measured by the forece and
subtlety of the dialectie faculty, Even the revelation of the material
universe inits houndless magnitude, and pervading order. and the
constancy of faw, is not necessarily the most fully comprehended
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by hicwho has traced willominueest aceuracy the steps of the great
demonstration. And i we cibrace inonr smvey the interests and
ditics ot Bt how Hitde do iy processes of mere ratiocination
enable us to comprehend the weightier grestions that they present!
Asraly, theretore, as the eadovation of the mathematical or dedue-
tve facnlty s a part of intellecmal discipline, so wendy is i only a
part. The prejudice which would cither hanish or make supreme
any one department of knowledue or fienle of mind, betrays not
only error of judeennent, but a defeet of that intellectual modesty
which is inseparable from a pure deviation of twth, It assiunes the
atfice ol eriticising a constitntion of {hines which no hnman appoint-
ment has established, or can annud, Te ses aside the ancient and

Just coneeption of truih as one thongh manifold. Muceh of this

error, as actuadly existent among us, seems due o the special and
isolated chiavacter of scieniitic teaching—awhich character, in its
tnrn. wends 1o fosters The stady of philosophy, notwithstanding a
few tnarked nsanees of exeeptiva has tailed to keep pace with the

advaree of the several deparmes = o knowledee, whose maial
relations 10 s it provinee o dete e Teis impossible, Tuswever,
ot Lo contemplate the pavtiend o esil o queestion as part of a

lavger svstem, and connect it swith she ton prevabent view o Soonw-
fedge asamerely secnle thingand with the undne prodonnnance,
alrcady adverted o0 of thoswe onives, Tecitinite within their
proper louits, whivh ave fonnded npe o resard o s secalar
advantaces, Tnothe estreine case s oot dhithienlt 1o e that the
continued aperations o sach et eswseomirolled by any hiehier
principles ol acton, unconcecied by the personal intlnenee of
hichevr mindse st tend o fower the wndind of thoueht in
reterence to the objecis of kivwaledee, and to render vord and
inctfecinal what-ocver clemenis of a0 noble faith may sull sievive,
Aud ever i proportion as teese conditions are realised must the
samie effecrs ollones Heneer perhaps, it is that we sometimes tind
juster coneeptions of the nnnye the vitad eonnesion, el the sib-
ordination to amoral piposes of the ditferent parts ol Trudh,
among those swho acknoswledye todhing higher than the changing
aspret of collective humanay, than amony those whoe profess an
intelleenal allegianee v the Foaoher of Lighe Budc these are questions
which cannoi further be puvaed heres o some they will appear
f]»:'v'i'_"ll ter ihe [)l'n“'w('ll destrn of this waork, But the consteleration
of themn has swisens natvall, cithier oue of the <peculations sehich
that desien involved, or in the course of reading and reflection
which scened necessary 1o its accomplishinent.
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Some people

ARCHER, MRS.
Friend of M.B., wife of the translator of Ibsen’s plays. Developed
a nerve-training method of alternate tension and relaxation—
adapted by M.B. in her arithmetic lessons with children.

BABBAGE, CHARLES. (1792-1871) ‘
Friend of Everests, brilliant polymath who devised mechanical
computer and anticipated operational research. As a student
he formed the Analytic Society with Herschel and Peacock to
reform mathematics at Cambridge and “to do their best to
leave the world wiser than they found it”,

BOOLF., GEORGE. (1815-1864)
Husband of M.B,, son of a shopkeeper, taught in his own
school until a pamphlet on logic brought him encouragement
from Morgan and 2 move to Cork. Brilliant and original
mathematician—pure mathematics was invented by Boole
according to Russell—essence of his ideas not understood by
others according to M.B. He also made fundamental contri-
butions to the theories of differential equations, finite dif-
ferences and invariants.

BOOLE, LUCY.
Fourth daughter of M.B., became professor of chemistry in
London, shared house with M.B. in Notting Hill.

BOSE, JAGaDIO. (1858-1937)
Indian physicist and plant physiologist. He gave a lecture at
the Royal Institution which iinpressed M.B. who corresponded
with him and was stimulated to study Indian thought as both
her uncle and De Morgan had done.

BOULANGER, NICHOLAS.
18th century writer whom M.B. claimed as precursor of
Gratry and Boole. He had writien of the misuse of special
gifts and powers; M.B. was to write about the dangers of
influencing young minds.

CLIFFORD, wiLLIAM. (1845-1879)
Mathematician, made important and original contribution to
geometry, author of The common sense of the exact sciences, pro-
fessor at University College, London. A highly strung and
athletic man, he was mentioned by M.B. us an example of a
dominating teacher personality.

DE MERICOURT, VIRGINIA
Pseudonym used by M.B. for regular articles in various journals.
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DE MORGAN, avcustus, {1806-1871)
Friend of the Everests, mathernasician noted for his work on
logic and for his interest in teaching, was influential in securing
G.B. a post at Cork, fought for religious freedom at the
University of London.

DEPLACE.
‘The village schoolmaster at Poissy who taught MUB. as a child.

EVEREST, SIR GEORGE. { 1 790-1866)
Unele to M.B., swveyor and geographer, traveiled and
worked in India—DMt. Everest named after he made the first
survey of it—interested in ndian mathematies and science.

EVEREST, REV. GEORGE
Brother of M.B., went o Canada, corresponded regularly
with MLB.

EVEREST, REV. THOMAS
Father of MUB., family said to be of Hugenot stoch. treated by
Hahnemann and helped in his parish by MLB. o family's
return from France,

GRATRY, FATHER.
Frenelr priest of the order of Oratorins. His book on logic
published in 1835 was avidly read by G.B. and M.B. who
tound similar ideas to their own in his writings. M.B. developed
his notion of suspending conscious thought 1o tap unknown
.powers—"making a silence in the soul™.

ILAHNEMANYN, SAMUEL. (1755-1843)
Founder of homeopathic medicine. believed that discases can
be cured by drugs which produce similar symptoms, success-
fully treated father of M.B.

HERSCHEL, JOHN. (1792-1871)
Friend of Babbage and the Everests. astronomer. mathe-
matician—he introduced the notation sin by, chemist—he
developed photography and first referred 1o photographic
images as positive and negative, translator of the [liad and.
like Newton, Master of the Mint in his later years,

HINTON, JaMES. (1822-1873)
Friend of father of NLB., an ear-surgeon and author of popu-
larising works on philosophy and science. MUB. was  his
secretary for a few years.

James, wiLLianm. (1842-1910)
Famous psychologist and  philosopher, corresponded  with
MUB. with whom he shared an interest in progressive education
and whose ideas he valued.
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MARKS, DAVID.
Jewish preacher who had influenced G.B. and De Morgan.
Through his work, M.B. became interested in Hebrew ritual
and various current Jewish problems,

MAURICE, FREDERICK. (1805--1872)

Theologian, founded Christian Socialist movement, influenced
many 19th century thinkers, helped to found Queen's College,
London. His writings had interested G.B.

MORANT, RORERT. (1863-1920)

Civil servant, architect of 1902 Educan Act, knew and
shared ideas with M.B.

PEACOCK, GRORGE. (1791-1886)

Fellow student of Babbage and FHerschel, became Dean of Ely,
wrote an influential textbook on algebra which aided the
development of algebra as an abstract system.

PERRY, JOIIN,

Alathematician, initiated  reform in teaching by a famous
address to the British Association in 1901 and a book on
mathematies teaching, stimulating M.B. to write herself,

RYALL, JOHN.

Unele of MUBL friend of G.B. to whom Lawes of Thought was
dedicated, professor of classics at Cork,

STOTT, ALICIA,

Third daughter of M.B., a mathematician whoe found clegant
construction for the Archimedean solids and studied four-
ditnensional figures,

SOMERVELL, ARTHUR.

Friend of MUB., influential FLATL Inspector for music.

SOMERVELL, ERITILL
Friend of M.B.. wife of Arthur S author of o rhythmic approach
to mathematies. a book about curve-stitching which had been
introduced by N,

FAVLOR, MARGARET,

Second daughter of NLB., her son Sir Geollrey Taylor is an
cminent conteaporary mathenatical physicist.

VOVNICH, ETHEL,

Fitth danghter of MNUB., became a novelist.

WEDGWOOD, THOMAS,

Son of the famous potter, friend of Coleridge, pupil of Erasmus
Darwin. An invalid, he devoted his life to his brother's children
and the study of education, in particular of the emotions; his
thoughts strongly influenced M.B.
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Somic books

k.

M ocontiax, Very Everest Boole —-a memeir, CoW. Daniel, 1951,
A trief biogeaphy and account of her work, this is a useful
companion volume by the editor of the collected works.

" BELL. Men of mathemalics. Vol. 2., Pclican, 1953,
includes a short aceount of the life and work of George Boole,
The author cruphasises the carly years of struggle, but then
suggests—too facilely—that the marriage to the niece of the
professor of classics represented a “subconscious striving for
social respectability™. There is a brief sketeh of what has come
1o be known as Boolean algebira.

BOOLE, JAn investigation of the laws af thought. Dover reprint.

G
“The design of the following treatse is to investigate the
fundamental faws of those operations of the mind by which
reasouing s performed oL And he meant just that

M. BOOLE, [agic taught by love. 1890, :

Subtitled “rhythm in natwee and in education™ this book
was based on a series of articles published in various Jewish
journals in England and the US.A.

M. BOOLE. The mathematical psychology of Gratry and Boole, 1897.

An influential work which atcmpred a psychological inter-
pretadon of Boole’s work and its relation to the thought of
Gratry.

M. BOOLE, Lectures on the logic of arithmetic, 113,

Addressed to young teachers, this is the book which contained
speciimen lessons and deseribed the method ef making mind-
pictures.

s. BOoLE. The preparation of the child for science, 1904
An attemnpt to explain to parents and teachers the foundations
in preliminary experiences on which rhe learning of science
and mathematics depends. The book  anticipated many
other thinkers and was particularly influential in the U.S.A.

M. BOOLE. Philosophy and fun of algebra, 1909.

An attempt to spell out more simply some of the themes
explored in her previous books. In particular the process of
algebraisation is described and discussed in some derail.

M. BOOLE, The forging of passion into pozcer, 1910.

Those who may be attracted by the title will not be disappointed
by this profound but ncglected work. It explores the nature
of unconscious processes and relates the insights acquired to
problems of teaching. A powerful and prophetic book.
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BOOLE, Collected works, Vols. 1-4, C. W, Daniel, 1931.
The publisher and his wife were close friends of Mary Boole,
The collected works were distributed by the Open Court
Company, U.S.A., at one time—they are now out-of-print,

- GATTEGNO, The psychology of the adolescent, Educational Explorers,

Reading, 1962,

- GATTEGNO, for the teaching of mathematics, vols. 1-3, Educational

Explorers, Reading, 1963,

LGATTEGNO, What we owe children, Kegan Paul, 1970,

Perhaps the only contemporary writer on  mathematical
cducation who speaks the same language as Mary Boole--
though very much in a voice of his own.

- RUEES (cd.), Studies in logic and probability, 1952.

Various papers about George Boole with some of his own
writings.

SPENCER BROWN, Laws of form, 1969,
“The chiemie of this ook is that a universe comes into being
when a space is severed or taken apart.” An unusual contem-
pary account of a logical calculus and the process of mathe-
matical creation,
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